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MAMMALIAN PROTEIN PHOSP HA l ASES 

The present invention claims priority on provisional application serial nos. 
60/173,255, 60/178,078, 60/179,301, 60/175,766, (and tlie provisional application 
serial no. represented by Sugen docket no. ''Cel_16"), all of which are hereby 
5 incorporated by reference in their entirety. 


FIELD 01- THE INVENTION 


The present invention relates to phosphatase polypeptides, nucleotide 
sequences encoding the phosphatase pol>peptides, as well as various products and 
10 methods useful for the diagnosis and treatment of various phosphatase-related 
diseases and conditions. 


BA CKGROUND OF TME IN VENTION 

Flic follow inu dcscripiion of the Hackuround oftlic in\cntion is pro\'ided to 
1:' aid 111 uiideisuinuinL^ liic invention, hut is not adiiiittod to be or to describe prior art 
to the invention. 

Cellular signal transduction is a tiindamental mechanism w hereby external 
stimuli that rei^ulatc di\'crse cellular processes are relayed to the interior of cells. 
()}ic of the key biochemical mechamsms ofsii^nal transduction involves the 
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nioiely of serine, threonine and tyrosine residues. These kinases hirgely fall into two 
groups: those speeilic for phosphorylating serines and threonines, and those specific 
for phosphorylating tyrosines. 

I he phosphorylation state of a given substrate is also regulated by the protein 
5 phosphatases, a class of proteins responsible for removal of the phosphate i^roup 

added to a given substrate by a protein kinase. The protein phosphatases can also be 
classified as being specitlc for either senne/tlireoiiine or tyrosine. Some members of 
this family are able to dephospliorylate only tyrosine, and are known as the "protein 
tyrosine phosphatases" ("PTP"); w^hile others are able to dephosphorylate tyTosine as 

10 well as serine and threonine, and are named, ^'dual-speciticity phosphatases" 

C^DSP"); and a third fannly dephosphorylates only serine or threonine ("STP") - as 
disclosed by Fauman et ai. Trends Biocbem. Scl 1996 Nov;21(l l):413-7; and 
Martelle/a/.^ifo/. Cells. 1998 Feb 28;8(1): 2-1 1 . These proteins share a 250-300 
amino acid domain diat comprises the common catalytic core structure. Related 

1 5 phosphatases are clustered into distinct subfamilies of tyrosine pliosphatases, dual- 
speciticity phosphatases, and myotubulaiin-like phosphatases (Fauman et al, supra: 
and A4artell et al.^ supra). 

Phosphatases possess a variety of non-catalytic domains that are believed to 
interact with upstream regulators. Examples include proline-rich domains for 

20 interaction with SH3-containing proteins, or specific domains for interaction with 
Rac, Rho, and Rab small G-proteins. These interactions may pro\Mde a mechanism 
for cross-talk between distinct biochemical pathways in response to extemal stimuli 
such as the activation of a variety of cell surface receptors, including tyrosine 
kinases, cytokine receptors. TNF receptor. Fas, T cell receptors, CD28, or CD40. 

25 Phosphatases have been implicated as regulating a variety of cellular 

responses, including response to growth factors, cytokines and hormones, oxidative-, 
U or irradiation-related stress pathways, inflammatoi-> signals {e.g. TNFa), 
apoptotic stimuli {e.g. Fas), T and B cell costimulation, the control of cytoskeletal 
architecture, and cellular transibrmation {see THE PRO lElN PHOSPHATASE 

30 EACI BOOK, Tonks et aL, Academic Press, 2000). 
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A need, therefore, exists to identify additional pliospliatascs whose 
inappropriate activity may lead to cancer or other disorders so that appropriate 
treatments for those disorders might also be identified. 

5 SUMMARY OF IHli I NVENTIO N 

The following abbreviations are use to describe cliaraceristics of the 
phosphatases according to the invention: 

DsPTP Dual spec! flcity protein phosphatase 

DIJS Dual specificity phosphatase 

MKP MAP Kinase phosphatase 

MTM Myotubular myopathy (myotubularin) phosphatase 

PTP Protein Tyrosine Phosphatase 

PTEN Phosphatase and tensin homolog 

10 Through the use of a "motif extraction" bioinfomiadcs script, the named 

inventors have identified certain mammalian members of tlie phosphatase family, 
which are disclosed herein. The invention provides a partial or complete sequence 
of 12 phosphatases, as well as the classification, predicted or deduced protein 
structure, and a strategy for elucidating the biologic and therapeutic relevance of 

1 5 these proteins. I hese novel proteins include: eiL'ht tS) VI AP kinase phosphatase 
en/\'nies (^AlKPs^^j, whicli arc members ofthe DSP famih', two (2) phosphatases 
iiom the S I P tamd\ ; aiui two (2) phosphatases trom the P I P famiK . The 
classitication of novel proteins as belotiging to establislKxl families has proven 
highly accurate, not only in predicting motits present in the remaining non-catalytic 

2^) portion of eacli protein, but also in the regulation, substrates, antl signaling patlnvav^ 
lb these proteins. 
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NO: 13, SEQ ID NO: 14, Sl'lQ ID NO: 15, SHQ ID XO:l 6, SFQ ID NO: 1 7, SFQ ID 
NO: 18. SEQ ID NO: 19, SEQ ID NO:20, SL^Q ID N0:2E SEQ ID NO:22, SHQ ID 
NO:23. andSnQIDNO:24. 

By "isolated" in reference to nucleic acid is meant a polymer of 10 
5 (nrefenfniy 2 1 , more preferably 39^ most preferably 75) or iiioic iiuclcolides 

conjugated to each other, including DNA and RNA that is isolated from a natural 
source or that is synthesized as the sense or complementarv^ antisense strand. In 
certain embodiments of the invention, longer nucleic acids ai^e prefeired, for 
example those of 300, 600, 900, 1200, 1500, or more nucleotides and/or those 

10 having at least 50%. 60%, 75%. 90%, 95^/o or 99% identity to a sequence selected 
from the gi*oup consisting of those set forth m SEQ ID NO: 1 . SEQ ID NO:2. SEQ 
ID N0:3, SEQ ID N0:4. SEQ ID NO:5. SEQ ID N0:6. SEQ ID N0:7, SEQ ID 
NO: 8. SEQ ID N0:9, SEQ ID NO: 10. SEQ ID N0:1 1. and SEQ ID N0:12. 

The isolated nucleic acid of the present invention is unique in the sense that 

15 his not found in a pure or separated state in natnre. I'se of the term "isolated" 
indicates that a naturally occurring sequence has been removed from its normal 
cellular {i.e., chromosomal) environment. Thus, the sequence may be in a cell-lree 
solution or placed in a different cellular enviroiment. The temi does not imply tliat 
the sequence is the only nucleotide chain present, but that it is essentially free (about 

20 90 - 95% pure at least) of non-nucleotide material naturally associated with it, and 
thus is distinguished from isolated chromosomes. 

By the use of the term "ennchcd" m reference to nucleic acid is meant that 
the specific DNA or RNA sequence constitutes a significantly higher fraction (2- to 
5-fold) of the total DNA or RNA present in the cells or solution of interest than in 

25 normal or diseased cells or in the cells Irom which the sequence was taken. This 

could be caused by a person by preferential reduction in the amount of other DNA or 
RNA present, or by a preferential increase in the amount of the specific DNA or 
Ri\ A sequence, or by a combination of the two. How^ever, it should be noted that 
enriched does not imply that there are no other DNA or RNA sequences present, just 

30 that the relative amount of the sequence of interest has been signiiicantly increased. 
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The term "significant" is used lo indicate that the level of increase is useful to the 
person making such an mcrease. and generally means an increase relative to other 
nucleic acids of about at least 2-fold, more preferably at least 5- lo lO-fold or even 
more. The term also does not imply that there is no DNA or R.NA trom other 
5 sources. Tlie DNA from other sources may. for example, comprise DNA from a 
yeast or bacterial genome, or a cloning vector such as plJCl9. This term 
distinguishes from naturally occurring events, such as viral mfection, or tumor-type 
growths, in which the level of one mRNA may be naturally increased relative to 
other species of mRNA. That is, the term is meant to cover only lliose situations in 

10 which a person has mtervened to elevate the proportion of the desired nucleic acid. 

It is also advantageous for some puiposes that a nucleotide sequence be in 
purified form. The term "purified" in reference to nucleic acid does not require 
absolute purity (such as a homogeneous preparation). Instead, it represents an 
indication that the sequence is relatively more pure than in the natural environment 

1 5 (compared to the natural level this level should be at least 2- to 5-lbld greater, e.g.. 
in terms of mg/mL). Individual clones isolated from a cDNA library may be 
purified to electrophoretic homogeneity. The claimed DNA molecules obtained 
from these clones could be obtained directly from total DNA or from total RNA. 
The cDNA clones are not naturally occuning, but rather are preferably obtained via 

20 manipulation of a partially purified naturally occumng substance (messenger RNA). 
The constniction of a cDNA library from mRNA involves the creation of a svnthetic 
substance (cl)NA) and pure mdix idual cONA clones cati be isolated from ihc 
svnthetic library b\' clonal seleclion of the cell^ earring the cDNA library. 'I luis. 
the process which includes the construction ofacDNA Hbrar\- from luRXA and 

25 isolation of distinct cDNA clones yields an approximately 10" -fold purification ol^ 
the native message. Thus, purification of at least one order of magnitude, preferablv 
(wo or three orders, and more prefcrahlx ihuv or \]\v onlers of magnitude is 
exprcsslv c(inienipla(cd 
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amino acid sequence selected from the group consisting of those set forth in SFQ ID 
NO: 1 1 SEQ ID NO: 1 4. SEQ ID NO: 1 5. SEQ ID NO: 1 6. SEQ ID NO: 1 7. SEQ ID 
NO:ES. SEQ ID NO: 19. SEQ ID NO:20. SEQ IDN0:21. SEQ ID NO:22. SEQ ID 
NO;23. and SEQ ID NO:24. In certain aspects, polypeptides of 100. 200. 300. 400. 
5 450. 500. 550. 600. 700. 800, 900 or more amino acids are preferred. The 

phosphatase polypeptide can be encoded by a flill-length nucleic acid sequence or 
any portion of the fall-length nucleic acid sequence, so long as a fimctional activity 
of the polypeptide is retained. It is well known in the art that due to the degeneracy 
of the genetic code numerous different nucleic acid sequences can code for the same 

1 0 amino acid sequence. Equally, it is also well known in the art that conservative 
changes in amino acid can be made to arrive at a protein or polypeptide Avhich 
retains the functionality of the original. Such substitutions may include the 
replacement of an amino acid by a residue having similar physicochemical 
properties, such as substituting one aliphatic residue (lie. Val, Leu or Ala) for 

1 5 another, or substitution betv^een basic residues Lys and y\i"g, acidic residues Glu and 
Asp. amide residues Gin and Asn, hydroxyl residues Ser and Tyr. or aromatic 
residues Phe and T\t. Inirther infonnation regarding making amino acid exchanges 
wiiich have only slight, if any, effects on the overall protein can be found in Bowie 
et ciL. Science, 1 990, 247: 1306-13 10, which is incoiporated herein by reference in its 

20 entirety including any figures, tables, or drawings, hi all cases, all permutations are 
intended to be covered by this disclosure. 

The amino acid sequence of the pliosphatase peptide of the invention will be 
substantially similai* to a sequence having an amino acid sequence selected from the 
group consisting of those set forth in SEQ ID NO: 13. SEQ ID N0:14. SEQ ID 

25 NO: 15. SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18. SEQ ID NO: 19, SEQ ID 
NO:20- SEQ ID N0:21, SEQ ID NO:22. SEQ ID NO:23. and SEQ YD NO:24, or the 
corresponding full-length amino acid sequence, or fragments thereof 

A sequence that is substantially similai' to a sequence selected from the group 
consisting of those set forth in SEQ ID NO: 13. SEQ ID N0:14. SEQ IDNO:15, 

30 SEQ ID NO: 1 6. SEQ ID NO: 1 7. SEQ ID NO: 1 S, SEQ ID NO: 1 9, SEQ ID NO:20, 
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SFQ TO NO-21 . SFQ ID NO:22, SFQ ID NO:23. and S\iQ ID NO:24 will 
preferably have at least 90% ideinity (more preferably ai least 95% and most 
preferably 99-100%) to the sequence. 

By "identity" is meant apri)perty of sequences that measures their similarity 
5 or relationship. Identity is measured by dividing the number of identical residues by 
the total number of residues and gaps and multiplying the product by 100. "Gaps" 
ai^e spaces in an alignment that are the result of additions or deletions of amino 
acids. Thus, two copies of exactly the same sequence have 100% identity, but 
sequences that .u-e less highly conserved, aiid have deletions, additions, or 
10 replacements, may have a lower degree of identity. TTiose skilled in the art will 
recognize that several computer progi*ams are available for determining sequence 
identity using standard parameters, for example Gapped BLAST or PSI-BLAST 
(AltschuL ctaL (1997) Nucleic Acids Res. 25:3389-3402), BLAST (Altschul, et aL 
(1990) J. Mol. Biol. 215:403-410), and Smith- Waterman (Smith, et ciL (1981) J. 
15 Mol. Biol. 147:195-197). Preferably, the default settings of these programs will be 
employed, but those skilled in the art recognize whether these settings need to be 
changed and know how to make the changes. 

"Similarity" is measured by dividing the number of identical residues plus 
the number of conser\^atively substituted residues (see Bowie, et al. Science. 1999 
20 247:1306-1310, which is incorporated herein by reference in its entirety, including 
any drawings, llgures. or tables) by the total number of residues and gaps and 
inultijMying the j^ixnltict b\ 100. 

In [)referred embodiments, liie in\cnlit)ii features isolated, enriched, or 
purified nucleic acid molecules encodini^ a phosphatase polypeptide comprising a 
25 nucleotide sequence that: (a) encodes a polypeptide having an amino acid sequence 
selected from the group consisting of those set forth m SLQ ID NO:l 3. SEQ) ID 
NO:14. SFQ ID N():]5. SFO ID N():U). SI O II) Nf):]:^. SFQ ID N():1S. SFQ ID 
\n-10 SFOlDNO-^i^ ^FrMn\rv^' ^tm('^w>-^ -tT. 
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naturally occurring phosphatase polypeptide: (d) encodes a polypeptide having an 
amino acid sequence selected from the group consisting of those set forth in SHQ ID 
NO: 1 3. SEQ ID NO: 1 4. SRQ ID NO: 1 5, SEQ ID NO: 1 6. SEQ ID NO: 1 7. SEQ ID 
NO: 18, SEQ U) NO: 19, SEQ ID NO:20, SEQ ID N0:2L SEQ ID NO:22, SEQ ID 
5 NO:23. and SEQ ID NO:24. except that it lacks one or more, but not all. of the 
domains selected from the group consistmg of an N-terminal domain, a catalytic 
domain, a C-terminal catalytic domain, a C-temiinal domain, a coiled-coil structure 
region, a proline-rich region, a spacer region, and a C-tenninal tail; and (e) is the 
complement of the nucleotide sequence of (d). 

1 0 The term "complement" refers to two nucleotides that can form multiple 

favorable interactions with one another. For example, adenine is complementary to 
thymine as they can form two hydrogen bonds. Similarly, guanine and cytosine are 
complementary since they can fonn three hydrogen bonds. A nucleotide sequence is 
the complement of another nucleotide sequence if all of the nucleotides of the Hrst 

1 5 sequence ai^e complementar\^ to all of the nucleotides of the second sequence. 

Various low or high stringency hybridization conditions may be used 
depending upon the specificity and selectivity desired. These conditions are well 
known to those skilled in the an. Under stringent hybridization conditions only 
highly complementary nucleic acid sequences hybridize. Preferably, such 

20 conditions prevent hybridization of nucleic acids having more than 1 or 2 

mismatches out of 20 contiguous nucleotides, more preferably, such conditions 
prevent hybridization of nucleic acids having more than 1 or 2 mismatches out of 50 
contiguous nucleotides, most preferably, such conditions prevent hybridization of 
nucleic acids having more than 1 or 2 mismatches out of 1 00 contiguous 

25 nucleotides. In some instances, the conditions may prevent hybridization of nucleic 
acids having more than 5 mismatches in the full-length sequence. 

By stringent hybridization assay conditions is meant hybridization assay 
conditions at least as stiingent as the following: hybridization in 50% fomiamide. 
5X SSC. 50 mM NaEl.POa- pH 6.8, 0.5"^ SDS. 0.1 mg/niL sonicated sahiion spenn 

30 DNA. and 5X Denhardl's solution at 42 *'C overnight: washing with 2X SSC. 0.1 % 
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SDS at 45 and washing with 0.2X SSC. 0A% SDS at 45 X\ Under some of the 
most stringent hybridization assay conditions, the second wash can be done with 
0. 1 X SSC at a temperature up to 70 (Rerger et al. (1^)87) Guide to Moleculai- 
Cloninu Techniques pg 421, hereby incorporated by reference herein in its entirety 
5 inchiding any figures, tables, or drawings.). However, other appHcations may 
require the use of conditions faUing between these sets of conditions. Methods of 
determining the conditions required to achieve desired hybridizations ai'e well 
known to those with ordinary skill in the aj1, and ai^e based on several factors, 
including but not limited to, the sequences to be hybridized and the samples to be 

10 tested. Washing conditions of lower stringency frequently utilize a lower 

temperature during the washing steps, such as 65 ''C, 60 ''C, 55 ^C, 50 ''C. or 42 °C. 

The tenn ''domain" refers to a region of a polypeptide which serves a 
paiticulai- function, hor instance. N-terminal or C-tenninal domains of signal 
transduction proteins can sen^e functions including, but not limited to. binding 

1 5 molecules that localize the signal transduction molecule to different regions of the 
cell or binding other signaling molecules directly responsible for propagating a 
paiticulai' cellular* signal. Some domains can be expressed separately from the rest 
of the protein and function by themselves, while others must remain part of the 
intact protein to retain function. The latter are tenned functional regions of proteins 

20 and also relate to domains. 

The term "N-tenriinal domain'' refers to the cxtracatalytic region located 
between the iniliatoi" meilnonine and the calal> lic domain of the protein 
jihosphatase. Hie N-tenninal domain can be idcntilicd follow mg a Sniilh-W'aiennan 
aligmnent of the protein sequence against the non~redundant protein database to 

25 deline the N-tenninal boundaiy of the catalytic domain. Depending on its length, 
the N-terminal domain may or may not play a regulatoiy role in phosphatase 
tunction. The term "catalytic domain" refers to a region of the protein phosphatase 
lh<il is tvpicalK- 25^ "OH amino acid^ ]or<^ nn(] is -i-^tv ui^'M: - (m- 
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phosphoiylation), I he catalytic domain ofprotein phosjihatases is made up of ] 2 
subdomains that contahi highly consented amino acid residues, and are responsible 
for proper polypeptide folding and for catalysis, fhe catal\lic domain can be 
idendfied following a Smith- Waterman ahgmnent of the protein sequence against 
5 the ]ion_-redi]ndan! j^roiein dai abase 

The tei'm ''catalytic activity", as used herein, defines the rate at which a 
phosphatase catal>lic domain phosphoiylates a substrate. Catalytic activity^ can be 
measured, for example, by detemiining the amount of a substrate converted to a 
phosphoi-ylated product as a funcdon of time. Catalytic activity can be measured by 

10 methods of the invention by holding time constant and detemiining the 
concentration of a phosphorylated substrate after a fixed period of time. 
Phosphorylation of a substrate occurs at the active site of a protein phosphatase. The 
active site is nomially a cavity in which the substrate binds to the protein 
phosphatase and is phosphorylated. 

15 The temi ''substrate" as used herein refers to a molecule phosphorylated by a 

phosphatase of the invention. Phosphatases phosphorylate substrates on 
serine/threonine or tyrosine amino acids. The molecule may be another protein or a 
polypeptide. 

The teiTn ''C-terminal domain" refers to the region located betw^een the 
20 catalytic domain or the last (located closest to the C-temiinus) flmctional domain 
and the carboxy-temiinal amino acid residue of the protein phosphatase. By 
"functionar' domain is meant any region of the polypeptide that may play a 
regulatoiy or catalytic role as predicted from amino acid sequence homology to 
other proteins or by the presence of amino acid sequences that may give rise to 
25 specific stnictural conformations (e.g. N-tenninal domain). The C-temiinal domain 
can be identified by using a Smith- Waterman alignment of the protein sequence 
against the non-redundant protehi database to define the C-terminal boundary of the 
catalytic domain or of any functional C-temiinal extracatalytic domain. Depending 
on its length and amino acid composition, the C-terminal domain ma\' or may not 
30 play a regulatory role in phosphatase fimction. For the some of the phosphatases of 


11 

the instant invention, the (^-terminal domain may also comprise the catalytic domain 
(above). 

The temi "C-lerminal tail" as used herein, refers to a C-terminal domain of a 
protein phosphatase, that by homology extends or protrudes past the C^-ienninal 
5 amino acid of its closest homolog. C-temiinal tails can be identified by using a 
vSmith-Waterman sequence alignment of the protein sequence against the non- 
redundant protein database, or by means of a multiple sequence alignment of 
homologous sequences using the DNAStar program Megalign. Depending on its 
length, a C-lermmal tail may or may not play a regulatory role in phosphatase 
10 function. 

The tenn "coiled-coil stmcture region" as used herein, refers to a polypeptide 
sequence that has a high probability of adopting a coiled-coil structure as predicted 
by computer algoritlims such as COILS (Lupas, A. (1996) Meth. Enzymology^ 
266:5]3"525). Coiled-coils ai'e fonned by two or three amphipathic a-helices in 
15 parallel. Coiled-coils can bind to coiled-coil domains of other pohpeptides resulting 
in homo- or heterodimers (Lupas, A. (1991) Science 252:1162-1 164). 

The tenn "proline-rich region" as used herein, refers to a region of a protein 
phosphatase whose proline content over a given amino acid length is higher than the 
average content of this amino acid found in proteins (i.e., >10%). Proline-rich 
20 regions are easily discernable by visual inspection of amino acid sequences and 

quantitated by standard computer sequence analysis programs such as the DNAStar 
program IdilSec]. [*rolinc-rich regions ha\e been demonstrated to participate in 
regulatory protein -protein interactions. 

rhe tenn "spacer region" as used herein, refers to a region of the protein 
25 phosphatase located between predicted tunctional domains. The spacer region has 
no detectable homology to any amino acid sequence in the database, and can be 
identified h\ using a Smith Waterman alignment of the prolem sequence against the 
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The term "insen" as used herein refers to a portion of a protein phosphatase 
that is absent from a close homolog. hiserts may or may not by the product 
alternative splicing of exons. hiserts can be identified by usmg a Smith-Waterman 
sequence alignment of the protein sequence against the non-redundant proteni 
5 database, or by m.enns of a muitinle sequence alignment of homologous sequences 
using the DNAStai* program Megalign. Iiiseils may play a timctional role by 
presentmg a new interface for protein-protein interactions, or by interfering with 
such interactions. 

The temi ''signal transduction pathway'' refers to the molecules that 

10 propagate an extracellular signal tlirough the cell membrane to become an 
intracellular signal. This signal can then stimulate a cellular response. The 
polypeptide molecules involved in signal transduction processes are typically 
receptor and non-receptor protein tyrosine phosphatases, receptor and non-receptor 
protein phosphatases, polypeptides containing SRC homology 2 and 3 domams. 

1 5 phosphotyrosine binding protems (SRC homology 2 (SH2) and phosphotyrosine 
binding (PTB and PH) domam contaming proteins), proline-rich binding proteins 
(SH3 domain containing proteins). GTPcises, phosphodiesterases, phospholipases. 
prolyl isomerases. proteases. Ca2+ binding proteins, cAJVIP binding proteins, guanyl 
cyclases, adenylyl cyclases. NO generating proteins, nucleotide exchange factors, 

20 and transcription factors. 

hi other prefeiTed embodiments, the mvention features isolated, enriched, or 
puiified nucleic acid molecules encoding phosphatase polypeptides, fliilher 
comprising a vector or promoter effective to initiate transcription in a host cell. The 
invention also features recombinant nucleic acid, preferably in a cell or an organism. 

25 The recombinant nucleic acid may contain a sequence selected from the group 

consisting of those set forth in SEQ ID NO: 1 . SEQ ID NO:2. SEQ ID N0:3, SEQ 
ID N0:4, SEQ ID N0:5. SEQ ID N0:6, SEQ ID N0:7, SEQ ID N0:8. SEQ ID 
NO:9. SEQ ID NO: 1 0, SEQ ID NO: 11 . and SEQ ID NO: 1 2. or a fimctional 
derivative thereof, and a vector or a promoter effective to uiitiate transcription in a 

30 host cell. The recombinant nucleic acid can alternatively contain a transcriptional 
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initiation region functional in a celK a sequence complementan^ to an RNA sequence 
encoding a phosphatase polypeptitle and a transcriptional terminalion region 
functional in a cell. Specillc vectors and host cell combinations ai*e discussed 
herein. 

5 The term ''vector" relates to a single or double-stranded circular nucleic acid 

molecule that can be transfected into cells and replicated within or independently of 
a cell genome. A circulai* double-stranded nucleic acid molecule can be cut and 
thereby lineai*ized upon treatment with restriction enzymes. An assortment of 
nucleic acid vectors, restnction enzymes, and the knowledge of the nucleotide 

0 sequences cut by restriction enzymes are readily available to those skilled in the an. 
A nucleic acid molecule encodmg a phosphatase can be inserted into a vector by 
cutting the vector with restriction enzymes and ligating the tvvo pieces together. 

The term "transfecting" defines a number of methods to insert a nucleic acid 
vector or other nucleic acid molecules into a cellulai* organism. These methods 

5 involve a variety of techniques, such as treating the cells with high concentrations of 
salt, an electric field, detergent, or DMSO to render the outer membrane or wall of 
the cells penneable to nucleic acid molecules of interest or use of various viral 
transduction strategies. 

The term "promoter" i\s used herein, refers to nucleic acid sequence needed 

0 for gene sequence expression. Promoter regions vary from organism to organism, 
but ai'e well known to persons skilled in the art for different organisms. For 
example, in prokaryoies. the pionioter rcL'inn contains both the promoter (w hich 
tlirccls the initiation (^f RN A transcription) as well as the ONA sequences which, 
when transcribed into RNA. will signal s\'inhesis initiation. Such regions w ill 

5 normally include those 5'-non coding sequences mvolved with initiation of 
transcription and translation, such as the TATA box, capping sequence, (/AAT 
sequence, and the like. 

fn preferred eniho(]i'n^nits ■snl'ifpj imitI^'m^ ik^mI r< ^n^^^^^^^- .--r 
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TO N0:4. SFQ TO NO:5. SFQ TD NO:6. SEQ ID NO-. SFQ II) N():8. SFQ ID 
N0:9. SFQ ID NO: 1 0. SFQ ID NO: 1 L and SEQ ID NO: 1 2. which encodes an 
amino acid sequence selected from the group consistnig of those set forth in SEQ ID 
NO: 1 3, SEQ ID NO: 14, SEQ ID NO: 1 5, SEQ ID NO: 1 6, SEQ H) NO: 1 7, SEQ ID 

S NO- 18 SFQTD NO lO SFQ ID NO IO SFQ ID NO 2^ SFQ ID NO-21 SFQ ID 
NO:23, and SEQ ID NO:24, a functional derivative thereof or at least 35. 40. 45. 
50, 60, 75. 100. 200, or 300 contiguous ammo acids selected from the group 
consisting of those set forth in SEQ II!) NO: 13. SEQ ID NO: 14, SEQ ID NO: 15, 
SEQ ID NO: 1 6. SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9, SEQ ID NO:20, 

0 SEQ ID N0:21. SEQ ID NO:22. SEQ ID NO:23, and SEQ ID NO:24. The nucleic 
acid may be isolated from a natural source by cDNA cloning or by subtractive 
hybridization. The natural source may be mammalian, preferably human, blood, 
semen, or tissue, and the nucleic acid may be synthesized by the triester method or 
by using an automated DNA synthesizer. 

^ The temi "mammar" refers preferably to such organisms as mice, rats, 

rabbits, guinea pigs, sheep, and goats, more preferably to cats, dogs, monkeys, and 
apes, and most preferably to humans. 

In yet other preferred embodiments, the nucleic acid is a conser\^ed or unique 
region, for example those useful for: the design of hybridization probes to facilitate 

0 identification and cloning of additional polypeptides, the design of PGR probes to 
facilitate cloning of additional polypeptides, obtaining antibodies to polypeptide 
regions, and designing antisense oligonucleotides. 

By "consen-ed nucleic acid regions", are meant regions present on two or 
more nucleic acids encoding a phosphatase polypeptide, lo which a particuku- 

5 nucleic acid sequence can hybridize under lower stringency conditions. Examples 
of lower stringency conditions suitable for screening for nucleic acid encoding 
phosphatase polypeptides ai-e provided in Wahl ef al Mc/h. Enzym. 1 52:399^407 
(1987) and in Wahl ct al. Meth. EnzynL 152:415-423 (1987). which are hereby 
incoiporaled by reference herein in its entirety, including any drawings, figures, or 

0 tables. Preferably, conser\^ed regions differ by no more than 5 out of 20 nucleotides. 
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even more preferably 2 out of20 nucleotides or most preferably 1 oiu of 20 
uucleotuies- 

, By "unique nucleic acid region" is meant a sequence present in a nucleic acid 
coding for a phosphatase polypeptide that is not present in a sequence coding for any 
5 other naturally occurring polypeptide. Such regions preferably encode 32 

(preferably 40, more preferably 45, most preferably 55) or more contiguous amino 
acids set fonli in a full-length ammo acid sequence selected from the group 
consisting of those set forth in SEQ ID N():l 3, SEQ ID NO: 14, SEQ ID NO:l 5, 
ShQ ID NO: 16, SEQ ID NO: 17. SEQ ID NO; 18, SEQ ID NO: 19, SEQ ID N0:2a 

1 0 SEQ ID N0:2 1 , SEQ ID NO:22, SEQ ID NO:23, aiid SEQ ID NO:24. In particular, 
a umque nucleic acid region is preferably of mammalian origin. 

Another aspect of the invention features a nucleic acid probe for the 
detection of nucleic acid encoding a phosphatase polypeptide having an amino acid 
sequence selected from the group consisting of those set forth in SEQ IDN0:13. 

15 SEQ ID NO: 14, SEQ ID NO: 1 5, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: IS, 
SEQ ro NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, 
and SEQ ID NO:24 in a sample. The nucleic acid probe contains a nucleotide base 
sequence that will hybridize to the sequence selected from the group consisting of 
those set forth m SEQ ID N0:1, SEQ ID N0:2. SEQ ID N0:3, SEQ ID N0:4, SEQ 

20 ID N0:5. SEQ ID N0:6. SEQ ID N0:7, SEQ ID N0:8, SEQ ID N0:9, SEQ ID 
NO:ia SEQ ID NO:l 1, and SEQ ID NO:12. or a functional denvalive thereof 

In preferred emhodinients. the nucleic acid probe Inhridi/es lo nucleic acid 
encoding ai least 12,32.^5.^)0. 1 0\ 120. 1 50, 200. 25n. 301) or 350 connuuous 
ammo acids c^f a flilMength sequence selected from the group consisting of those set 

2.^ forth m SEQ ID NO: 13, SEQ ID NO: 14. SEQ ID NO: 15. SEQ ID NO: 16, SEQ ID 
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO:20. SEQ ID N0:21, SEQ ID 
N( ):22. SEQ ID NO:23, and SEQ ID NO:24. or a iunctional derivatu c thereof. 
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amount of the probe hound to phosphatase RNA. The nucleic acid duplex fonned 
between the probe and a nucleic acid sequence coding for a phosphatase polypeptide 
may be usai m the identification of the sequence of the nucleic acid detected 
(Nelson et uL. in Nonisotopic DNA Probe Techniques, Academic Press, vSan Diego, 
S Kricka, ed^ p 27S 1992. hereby incoTporaied by reference herein in its entirerv 
including any drawings, figures, or tables). Kits for performing such methods may 
be constnicted to include a container means having disposed therein a nucleic acid 
probe. 

In another aspect, the invention describes a recombinant cell or tissue 

0 comprising a nucleic acid molecule encoding a phosphatase polypeptide having an 
amino acid sequence selected from the group consisting of those set forth in SEQ ID 
NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID 
NO: 18, SEQ ID NO: 19. SEQ ID NO:20, SEQ ID N0:2K SEQ ID NO:22. SEQ ID 
NO:23, and SEQ ID NO:24. In such cells, the nucleic acid may be under the control 

5 of the genomic regulator' elements, or may be under the control of exogenous 

regulatory elements including an exogenous promoter. By "exogenous" it is meant a 
promoter that is not nonnally coupled lu vivo transcriptionally to the coding 
sequence for the phosphatase polypeptides. 

The polypeptide is preferably a fragment of the protein encoded by a full- 

0 length amino acid sequence selected from the group consistmg of those set forth in 
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO; 15, SEQ ID NO: 16, SEQ ID NO: 17. 
SEQ ID NO: 1 8. SEQ ID NO: 1 9, SEQ ID NO:20, SEQ ID N0:2 1 , SEQ ID NO:22. 
SEQ ID NO:23. and SEQ ID NO:24. By "fragment," is meant an amino acid 
sequence present in a phosphatase polypeptide. Preferably, such a sequence 

5 comprises at least 32, 45, 50. 60, 100. 200. or 300 contiguous amino acids of a fiill- 
lenglh sequence selected from the group consisting of those set forth in SEQ ID 
NO: 13, SEQ ID NO: 14, SEQ ID NO 15. SEQ ID NO: 16, SEQ ID NO: 17. SEQ ID 
NO: 18, SEQ ID NO: 19. SEQ ID NO;20, SEQ ID N0:21. SEQ ID NO:22. SEQ ID 
NO:23, and SEQ ID NO:24. 
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In another aspect, the invention features an isolated, enriched, or puriiled 
phosphatase polypeptide having the annno acid sequence selected from the group 
consisting ofthose set forth in SEQ ID NO: 1 3. SFQ ID NO: 1 4, SEQ ID NO: 1 5. 
SEQ ID NO: 1 6. SEQ ID NO: 1 7, SEQ ID NO: 1 S, SEQ ID NO: 1 9, SEQ ID NO:20. 
5 SEQ ID NO:21. SEQ ID NO:22. SEQ ID NO:23, and SEQ ID NO:24. 

By "isolated" in reference to a polypeptide is meant a polymer of 6 
(preferably 1 2, more preferably 1 8. most preferably 25, 32, 40. or 50) or more amino 
acids conjugated to each other, including polypeptides that are isolated from a 
natural source or that are synthesized, hi certain aspects, longer polypeptides are 
10 prefeiTed, such as those with 100, 200, 300, 400, 450, 500, 550, 600, 700, 800, 900 
or more contiguous amino acids of a full-length sequence selected from the group 
consisting ofthose set forth in SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, 
SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9, SEQ ID NO:20, 
SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24. 
1 5 The isolated polypeptides of the present invention are unique in the sense 

that they aix not found in a pure or separated state m nature. Use of the temi 
"isolated" indicates that a naturally occuiTing sequence has been removed from its 
nonnal cellular environment. Thus, the sequence may be in a cell-free solution or 
placed in a different cellulai* environment. The term does not imply that the 
20 sequence is the only amino acid chain present, but that it is essentially free (about 90 
- 95% pure at least) ofnon-ann'no acid-based material naturally associated with it. 

M\ llie use oi tiie term "enriched" in reference lo a polypepude is meant thai 
the specific amino acid sequence constiuiles a siom (Icunilx higher fraction (2- lo S- 
fold) of the total annno acid sequences present m the cells or solution of interest than 
25 in normal or diseased cells or in the cells from which the sequence was taken. This 
could be caused by a person by preferential reduction ui the amount of other ammo 
acid sequences present, or b\ a preferential mcrease in the anu)unt ol^the specific 
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significantly increased. The tenii significant here is used to indicate that the level of 
increase is useful to the person making such an nicrease. and generally means an 
increase relative to other amino acid sequences of about at least 2 -fold, more 
preferably at least 5- to 1 0-fold or even more. The term also does not imply that 
5 there is no amino acid sequence from other sources. The other source of amino acid 
sequences may, for example, comprise amino acid sequence encoded by a yeast or 
bacterial genome, or a cloning vector such as pUC19. The term is meant to cover 
only those situations in which man has inten^ened to increase the proportion of the 
desired amino acid sequence. 

1 0 It is also advantageous for some purposes that an amino acid sequence be in 

purified fomi. The tenn "purified" in reference to a polypeptide does not require 
absolute purity^ (such as a homogeneous preparation); instead, it represents an 
indication that the sequence is relatively purer than in the natural environment. 
Compai'ed to the natural level this level should be at least 24o 5-fold greater {e.g.. in 

1 5 terms of mg/'mL). Purification of at least one order of magnitude, preferably tAvo or 
three orders, and more preferably four or five orders of magnitude is expressly 
contemplated. The substance is preferably free of contamination at a functionally 
significant level, for example 90%, 95%, or 99% pure. 

hi prefeiTed embodiments, the phosphatase polypeptide is a fragment of the 

20 protein encoded by a full-length ammo acid sequence selected from the group 
consisting of those set forth in SEQ ID NO: 13, SEQ ID NO: 14. SEQ ID NO: 15. 
SEQ ID NO: 16. SEQ ID NO: 1 7. SEQ ID NO: 1 8, SEQ ID NO: 1 9. SEQ ID N0:2a 
SEQ ID N0:21 . SEQ ID NO:22. SEQ ID NO:23, and SEQ Ii:* N0:24. Preferably, 
the phosphatase polypeptide contains at least 32, 45. 50. 60. 1 00. 200. or 300 

25 contiguous amino acids of a full-length sequence selected from the group consisting 
of those set forth m SEQ ID NO: 13. SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID 
NO: 1 6, SEQ ID NO: 1 7. SEQ ID NO: 1 8, SEQ ID NO: 1 9. SEQ ID NO;20. SEQ ID 
NO:2 1 . SFQ ID NO:22. SEQ ID NO:23. and SEQ ID NO:24, or a ftmctional 
deri\^ative thereof 
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In preferred embodiments, the phosphatase polypeptide comprises an amino 
acid setiiience having (a) an amino acid sequence selected from the group consisting 
of those set forth in SBQ ID NO: 1 3. SEQ ID NO: 14, SEQ ID NO: 1 5. SliQ ID 
NO: ] 6. SHO ID NO: 1 7, SOQ ID NO: 1 8, SHQ ID NO: 1 9, SHQ ID N0:2a SEQ I D 
5 N0:21. SEQ ID N0:22, SEQ ID N0:23, and SEQ ID NO:24: and (b) an amino acid 
sequence selected from the group consisting of those set forth in SEQ ID NO: 13. 
SEQ ID NO: 1 4, SEQ ID NO: 1 5. SEQ ID NO: 1 6. SEQ ID NO: 1 7. SEQ ID NO: 1 8, 
SEQ ID NO:19, SEQ ID NO:20, SEQ ID N0:21 , SEQ ID NO:22. SEQ ID NO:23, 
and SEQ ID NO:24, except that it lacks one or more of the domains selected from 
10 the group consisting of a C-termmal catalytic domain, an N-temiinal domain, a 

catalytic domain, a C-lerminal domain, a coiled-coil structure region, a proline-rich 
region, a spacer region, and a C-terminal tail. 

The polypeptide can be isolated from a natural source by methods well- 
known m the ait. The natural source may be mannnalian, preferably human, blood. 
1 5 semen, or tissue, and the polypeptide may be synthesized using an automated 
polypeptide synthesizer. 

In some embodiments the invention includes a recombinant phosphatase 
polypeptide having (a) an amino acid sequence selected from the group consisting of 
those set forth in SEQ ID NO: 13. SEQ ID NO: 14. SEQ ID NO: 15. SEQ ID NO: 16, 
20 SEQ ID NO: 17, SEQ ID NO: 18. SEQ ID NO: 19, SEQ ID NO:20. SEQ ID NO:21, 
SEQ ID NO:22. SEQ ID NO:23. and SEQ ID NO:24. By "recombinant phosphatcise 
pc^lypeptide" is meant a jxilypepiide produced h\- reconil^manl DNA icclmiqucs sucli 
thai il is distincl from a naturally occurring polypeplidc either in its location 
present in a different cell or tissue than found m nature). pin"it\' or stnicture. 
25 (jenerally, such a recombinant polypeptide will be present m a cell in an amount 
different from that normally observed in nature. 

The polypeptides to be expressed in host cells ma}' also be fusion prcHeins 
which in(Mndt' re*M(>n*- froi^i !i;Mornlo':r(^ii^ ^^rn^<-]v< SmtIt '■ MTi.^p. i> . :r^:-ii, i .J • 
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incoiporated into expression vectors. A DNA sequence for a signal peptide 
(secretory leader) may be fused in-frame to the polynucleotide sequence so thai the 
polypeptide is translated as a fusion protein comprising the signal peptide. A signal 
peptide that is functional in the intended host cell promotes extracellular secretion of 
5 the polypeptide. Preferably, the signal sequence will be cleaved from the 

polypeptide upon secretion of the polypeptide from the cell. Thus. prefeiTed fusion 
protems can be produced in which the N-temiinus of a phosphatase polypeptide is 
tiised to a carrier peptide. 

hi one embodiment, the polypeptide comprises a fusion protein which 

10 includes a heterologous region used to facilitate purilication of the polypeptide. 
Many of the available peptides used for such a function allow selective binding of 
the fusion protein to a binding partner. A preferred binding partner includes one or 
more of the IgG binding domains of protein A are easily punlled to homogeneity by 
airimty chromatography on, for example. IgG-coupled Sepharose. Alternatively, 

1 5 many vectors have the advantage of carrying a stretch of histidme residues that can 
be expressed at the N-termmal or C-terminal end of the target protein, and thus the 
protein of interest can be recovered by metal chelation chromatography. A 
nucleotide sequence encoding a recognition site for a proteolytic enzyme such as 
enterophosphatase, factor X procollagenase or thrombin may immediately precede 

20 the sequence for a phosphatase poh^^eptide to pennit cleavage of the fiision protein 
to obtain the mature phosphatase polypeptide. Additional examples of fusion- 
protein binding partners include, but are not limited to. the yeast I-facton the 
honeybee melatin leader in sty insect cells, 6-His tag. thioredoxin tag. hemaglutinin 
tag. GST tag. and OmpA signal sequence tag. As w ill be understood by one of skill 

25 in the art, the binding partner which recognizes and bmds to the peptide may be any 
ion. molecule or compound including metal ions (e.g., metal affinity columns), 
antibodies, or fragments thereof, and any protein or peptide which binds the peptide, 
such as the FLAG tag. 

hi another aspect, the invention features an antibody (e.g.. a monoclonal or 

30 polyclonal antibody) having specific binding aifinity to a phosphatase polypeptide 
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or a phosphatase polypeptide domain or fragment where the polypeptide is selected 
from the group having an amino acid sequence selected from the group consistuig of 
those set forth m SEQ ID NO; 13, SEQ ID NO: 14. SHQ ID NO; 15, SEQ ID NO: 16. 
SEQ ID NO: 1 7. SEQ ID NO: 1 8, SEQ ID NO: 1 9. SEQ ID NO:20, SEQ ID NO:2 1 . 
5 SEQ ID NO:22. SEQ ID NO:23, and SEQ ID NO:24. By "specific binding affinity" 
IS meant that the antibody binds to the target phosphatase polypeptide with greater 
affinity than it binds to other polypeptides under specified conditions. Antibodies or 
antibody txagments are polypeptides that contain regions that can bind other 
polypeptides. 1 he term "specific binding affinity" describes an andbody that binds 

10 to a phosphatase polypeptide w ith greater affinity than it binds to other polypeptides 
under specified conditions.. Antibodies can be used to identify cUi endogenous 
source of phosphatase polypeptides, to monitor cell cycle regulation, and for 
immuno-localization of phosphatase polypeptides within the cell 

The term "polyclonal refers to antibodies that are heterogenous populations 

1 5 of antibody molecules derived li-om the sera of animals immunized with an antigen 
or an antigenic fimctional derivative thereof For the production of polyclonal 
antibodies, various host animals may be immunized by injection with the antigen. 
Various adjuvants may be usal to increase the immunological response, depending 
on the host species. 

20 ''Monoclonal antibodies" ai'e substantially homogenous populations of 

antibodies to a particular antigen. They may be obtained by any teclinique w^hich 
pro\ idcs lor the i>roduciion of antibody molecules b\' continuous cell luics in 
culture. MoiH)clonal antibodies ma\' he obtained by melhcHls known to those skilled 
in the art ( Kohler cf al.. Saturc 256:495-407. ] 97s_ and I kS, Patent No. 4,3"().] 10. 

25 both of which ai*e hereby incorporated by reference herein m their entiretv including 
any figures, tables, or drawings). 

The term ^'antibody fragment" refers to a portion o( •M^ antibodw often the 
h\per\'anahle rcLMon nnd nortiorm dftti,^ <"i-'-(iiif^(n*Ti- h ■ = r -i^* -i ■ 
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Antibodies or antibocl}' fragments hax'ing specific binding aTfinity to a 
phosphatase polypeptide of the invention may be used in methods for detecting the 
presence and/or amount of phosphatase polypeptide in a sample by probing the 
sample with the antibody under conditions suitable for phosphatase-antibody 
5 inmmnoconipiex fonnation and detecUng the presence and/or amount of the 

antibody conjugated to the phosphatase polypeptide. Diagnostic kits for performmg 
such methods may be constructed to include antibodies or antibody fragments 
specific for the phosphatase as well as a conjugate of a binding partner of the 
antibodies or the antibodies themselves. 

1 0 An antibody or antibody fragment with specific bmdmg affinity^ to a 

phosphatase polypeptide of the invention can be isolated, enriched, or purified from 
a prokar\^otic or eukar>^otic organism. Routine methods known to those skilled in 
the art enable production of antibodies or antibody fragments, in both prokaryotic 
and eukaryotic organisms. Punfication, emichment, and isolation of antibodies, 

15 which ai'e polypeptide molecules, are described above. 

Antibodies having specific binding affinity to a phosphatase polypeptide of 
the invention may be used in methods for detecting the presence and/or amount of 
phosphatase polypeptide m a sample by contacting the sample with the antibody 
under conditions such that an immunocomplex fonns and detecting the presence 

20 andy'or amount of the antibody conjugated to the phosphatase polypeptide. 

Diagnostic kits for perfonning such methods may be constructed to include a first 
container contaming the antibody and a second container having a conjugate of a 
binding partner of the antibody and a label, such as, for example, a radioisotope. 
The diagnostic kit may also include notification of an FDA approved use and 

25 instnictions therefor. 

In another aspect, the invention features a hybridoma wiiich produces an 
antibody having specific binding affinity to a phosphatase polypeptide or a 
phosphatase polypepride domain, where the polypeptide is selected from the group 
having an amino acid sequence selected from the group consisting of those set forth 

30 in SEQ ID NO: 1 3, SEQ ID NO: 1 4, SEQ ID NO: 1 5. SEQ ID NO: 1 6. SEQ ID 


NO: 17, SCQ lU NO: 18, SUQ ID NO; 19, SCQil) NO:2{), SHQ ID NO:2K SHQ ID 
NO:22, SCO ID NO:23, and SOQ ID NO:24. By "hybncioma" is meant an 
immortalized cell line that is capable of secreting an antibody, for example an 
antibody to a phosphatase of the invention. In prefeired embodiments, the antibody 
5 to the phosphatase comprises a sequence of amino acids that is able to specifically 
bind a phosphatase pol}q:)eptide of the invention. 

In another aspect, the present nwention is also directed to kits comprising 
antibodies that bind to a polypeptide encoded by any of the nucleic acid molecules 
described above, and a negative control antibody. 
10 The temi ''negative control antibody" refers to an antibody derived from 

similar source as the antibody having specific binding affmity, but where it displays 
no binding affinity to a polypeptide of the invention. 

In another ;ispect, the invention features a phosphatase polypeptide binding 
agent able to bind to a phosphatcise polypeptide selected from the group having (a) 
1 5 an amino acid sequence selected from the group consisting of those set Ibilh in SEQ 
ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ U) NO: 16, SEQ ID NO: 17, SEQ 
ID NO: 18, SEQ ID NO: 19, SEQ ID NO:20, SEQ ID N0:21, SEQ ID NO:22, SEQ 
ID NO:23, and SEQ ID NO:24. The binding agent is preferably a purified antibody 
that recognizes an epitope present on a phosphatase polypeptide of the invention. 
20 Other bmding agents include molecules that bind to phosphatase polypeptides and 
analogous molecules that bmd to a phosphatase polypeptide. Such bmding agents 
ina\ be idciititlcd h\ usmg assays that measure phosphatase binding [larmer acli\'ii\'. 

The invention also features a inctiiod for scrcenini: for human cells 
coniainmg a phosphatase po!\ peptide of the in\ cniioii or an equivalent saiuencc. 
2> The method involves identifying the novel polypeptide in human cells using 

techniques that are routine and standai'd in the art. such as those described herein for 
ideniil\'ing the phosphatases ofthe imenlion {c\<^.. cloning. Southern or Northern 
^^loi nnal\'sis. in ^itn h\'^^ri(1'V;uion P('\^ u^i-^r f m-'^^m^ ^ 


wo Ol'4(»J*)4 


Vi I I son 34 "36 


24 

phosphatase polypeptide selected from the group having an amino acid sequence 
selected irom the group consisting of those set forth m SEQ ID N0:1 3. SIZQ ID 
NO: 14. SFQ ID NO:lS,SnQ !D NO: 16. SEQ m NO: I 7. SEQ ID NO: 18. SEQ ID 
NO: 19, SEQ U3 NO:20, SEQ LL3 N0:21, SEQ ID NO:22, SEQ ID NO:23, and SEQ 
5 \D NO:24 vviLh a Lest substance: (h) measuring the activity of said polypeptide: and 
(c) deteiTTiining whether said substance modulates the activity of said polypeptide. 

The term ^'modulates" refers to the ability of a compound to alter the 
function of a phosphatase of the invention. A modulator preferably activates or 
inlubits the activity of a phosphatase of the invention depending on the 

1 0 concentration of the compound exposed to the phosphatase. 

The tenn "modulates" also refers to altering the function of phosphatases of 
the invention by increasing or decreasing the probability that a complex fonns 
between the phosphatase and a natural binding partner. A modulator preferably 
increases the probability that such a complex Ibnns between the phosphatase and the 

1 5 natural binding partner, more preferably increases or decreases the probability that a 
complex foims between the phosphatase and the natural binding partner depending 
on the concentration of the compound exposed to the phosphatase, and most 
preferably decreases the probability that a complex fomis beUveen the phosphatase 
and the natural binding partner. 

20 The temi ''activates'' refers to increasing the cellular activity of the 

phosphatase. The temi inhibit refers to decreasing the cellular activity of the 
phosphatase. Phosphatase activity is preferably the interaction with a natural 
binding paitner. 

The tenn ''complex'' refers to an assembly of at least two molecules bound to 
25 one another. Signal ti-ansduction complexes often contain at least two protein 
molecules bound to one another. 

The tenn "natural binding partner ' reiers to polypeptides, lipids, small 
molecules, or nucleic acids that bind to phosphatases in cells. A change in the 
interaction between a phosphatase and a natural binding partner can manifest itself 
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as an increased or decreased probability that the interaction forms, or an increased or 
decreased concentration of phosphatase, natural binding partner complex. 

The term ^'conlacting^^ as nsed herein refers to mixing a solution comprising 
the test compound with a liquid medium bathing the cells of the methods. The 
5 solution comprising the compound may also comprise another component, such as 
dmiethyl sulfoxide (DMSO), which facilitates the uptake of the test compound or 
compounds into the cells of the methods. The solution comprising the test 
compound may be added to the medium bathing the cells by utilizing a delivery 
apparatus, such as a pij^ette -based device or syringe-based device. 

1 In another aspect, the invention features methods for identifying a substance 

that modulates phosphatase activity in a cell composing the steps of: (a) expressing 
a phosphatase polypeptide in a cell, wherein said polypeptide is selected from the 
group having an amino acid sequence selected from the group consisting of those set 
forth in SEQ ID NO: 1 3. SEQ ID NO: 14. SEQ ID NO: 1 5, SEQ ID NO: 16, SEQ ID 

15 NO: 17, SEQ JD N0:18, SEQ ID NO:19. SEQ IDNO:20, SEQ IDNO:21, SEQ ID 
NO:22, SEQ ID NO:23, and SEQ ID NO:24; (b) adding a test substance to said cell; 
and (c) monitoring a change in cell phenot>pe or the interaction between said 
polypeptide and a natural binding partner. 

The temi "expressing" as used herein refers to the production of 

20 phosphatases of the invention from a nucleic acid vector containing phosphatase 
genes within a cell. The nucleic acid vector is transfected into cells using well 
known techniques in the art as described herein. 

Another aspect of the mslant in\ ciilion is dwecied methods (^1 ideiUilMni^ 
compounds that bmd to phosphatase poKqK^ptides of the present inx eniion, 

25 comprising contacting the phosphatase polypeptides with a compound, and 

determinmg whether the compound binds the phosphatase polypeptides Binding 
can be determined by l^mding assays which are well kn(n\ n to the skilletl artisan. 
mchuliJii'. but not linined >M'i-<l)iri . yw^.-^ ^r- t.^ t- , r- ■ 
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analysis, somhwestem analysis. EIJSA. and the like, which are ciescnhcci in. for 
example. Current Protocols in Molecular Biology. 1999, John Wiley & Sons. NY. 
which is incorporateci herein by reference i!i its entirety. The compounds to be 
screened include, but are not Umited to, compounds of extracellular, mtracellular, 
^ hiologicai or chemical ongin. 

The methods of the in\'ention also embrace compounds that arc attached to a 
label, such as a radiolabel (e.g.. ^^""l ^''S. '^F, ^^"P, '^H), a fluorescence label, a 
chemiluminescent label, an enzymic label and an immunogenic label. The 
phosphatase polypeptides employed in such a test may either be free in solution, 

10 attached to a solid support, boine on a cell surface, located hitracellularly or 

associated with a portion of a cell. One skilled in the art can, for example, measure 
the formation of complexes between a phosphatase ])olypeptide and the compound 
being tested. Alternatively, one skilled in the art can examine the diminution in 
complex formation between a phosphatase polypeptide and its substrate caused by 

15 the compound being tested. 

Other assays can be used to examine enzymatic activity^ including, but not 
limited to. photometric, radiometric. HPLC, electrochemical, and the like, which are 
descnbed m, for_example. Enzyme Assays: A Practical Approach , eds. R. Eisenthal 
and M. J. Danson, 1992, Oxford University Press, which is incoiporated herein by 

20 reference in its entirety. 

Another aspect of the present invention is directed to methods of identifying 
compounds which modulate {i.e.. increase or decrease) activity' of a phosphatase 
polypeptide comprising contacting the phosphatase polypq:>tide with a compound, 
and detemiining whether the compound modifies activity of the phosphatase 

25 polypeptide. These compounds are also referred to as ''modulators of protein 

phosphatases." The activity in the presence of the test compound is measured to the 
activity in the absence of the test compound. WTiere the activity of a sample 
containing the test compound is higher than the activity in a sample lacking the test 
compound, the compound will ha\ e increased the acti\ity. Similarly, where the 
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activity of a sample containing the test compound is lower than the acti\'ity in the 
sample lacking the test compound, the compound will have inhibited tlie acti\'ity. 

The present invention is particularly useful Ibr screening compounds by 
using a phosphatase polypeptide in any of a variety of drug screening techniques. 

5 Vhc compounds to be screened include, but are not limited to, exUacellular. 

intracellular, biological or chemical ongin. The phosphatase polypeptide employed 
in such a test may be in any fomi, preferably, free in solution, attached to a solid 
support, borne on a cell surface or located intracellularly. One skilled in the art can, 
for example, measure the formation of complexes between a phosphatase 

0 polypq:)tide and the compound being tested. Alternatively, one skilled in the ai1 can 
examine the diminution in complex formation betw^een a phosphatase polypeptide 
and its substrate caused by the compound being tested. 

The activity of phosphatase polypeptides of the invention can be determined 
by, for example, examining the ability to bind or be activated by chemically 

5 synthesised peptide ligands. Alternatively, the activity of the phosphatase 

polypeptides can be assayed by examining their ability to bind metal ions such as 
calcium, honnones, chemokines, neuropeptides, neurotransmitters, nucleotides, 
lipids, odorants, and photons. Thus, modulators of the phosphatase polypeptide's 
activity may alter a phosphatase function, such as a binding property of a 

0 phosphatase or an actiAity such as signal transduction or membrane localization. 

In various embodiments of the method, the assay may take the form of a 
veasl gnn\ th assa\-. an Acquorm assay, a kuciferase assa\'- a imtogenesis assa\ , a 
M AP Phosphatase acn\ ity assay, as well as other bmdmg or function- based assa\ s 
ot^phosphatase acti\'ity that are generally kn(nvn in the art. In se\-eral ot'these 

> embodunents. the invention includes any of the receptor and non-receptor protein 
tyrosine pliosphatases, receptor and non-receptor protein phosphatases, polypeptides 
containing SRC homoUnix' 2 aiul 3 domains, phosphotyrnsine bmdmg pnMeins (SRC 
homnloi^\- ^ (S!P^)and phospliotxn^^iin"' bnvlHi'' fi>Tf^ IMf^ > 
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proteins. cAMP binding proteins, guanyl cyclases, adcnylyl cyclases. NO generating 
proteins, nucleotide exchange lectors, and transcnption factors. Biological activities 
of phosphatases according to the invention include, but are not limited to, the 
bindmg ofa natuml or a synthetic Hgand, as well as any one of the functional 
5 acti\'ities of phosphatases known \n the art. Non-limitini: examples of phosphatase 
activities include transmeml)rane signaling of various forms, which may involve 
phosphatase binding interactions and/or the exertion of an influence over signal 
transduction. 

The modulators of the invention exhibit a variety of chemical structures. 

0 which can be generally grouped into mimetics of natural phosphatase ligands. and 
peptide and non-peptide allosteric effectors of phosphatases. The invention does not 
restrict the sources for suitable modulators, which may be obtained from natural 
sources such as plant, animal or mineral extracts, or non-natural sources such as 
small molecule libraries, including the products of combinatonal chemical 

5 approaches to libraiy construction, and peptide libraries. 

The use of cDNAs encoding phosphatases in drug disco\'ery programs is 
well-known; assays capable of testing thousands of unknown compounds per day in 
high-throughput screens (HTSs) are thoroughly documented. The literature is replete 
with examples of the use of radiolal:>el]ed ligands in HTS binding assays for drug 

0 discoveiy (see Williams, Medicinal Research Reviews, 1991. //. 147-184.; 

Sweetnam. ct al^J. Natural Products. 1993. 56. 441-455 for review). Recombinant 
receptors ai-e preferred for binding assay IITS because they allow for better 
specificity (liighcr relative purity), provide the ability to generate large amounts of 
receptor material and can be used in a broad \^ariety of formats (see Hodgson. 

5 Bio/Tecfujolog]\ 1992, J CI 973-980; each of which is incorporated herein by 
reference in its entirety). 

A variety of heterologous systems is available for functional expression of 
recombinant receptors that are w^ell known to those skilled in the art. Such systems 
include bacteria (Strosberg, ct aL, Trends in Pluinnacological Sciences, 1992, 13. 

0 95-98), yeast (Pausch. Trends in Biotechnology, 1997. L\ 487-494). several kinds of 
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insect cells (Vanden Broeck, Rev. Cvtoloow 10%. l()4, 189-268), amphibian 
cells (Jayawicki-eme et aL. Current Opimoii in Biotechnology^ 19^)7, 8^ 629-634) and 
several mammalian cell lines (ClIO, HEK293- COS, etc.; see Geriiardt, ct ai, Fjir. 
./. Pharmacology, 1 997, 1-23). These examples do not preclude the use of 
5 other possible cell expression systeius. including cell lines obtained from nematodes 
(PCT application WO 98/37177). 

An expressed phosphatase can be used for UTS binding assays in 
conjunction with its defined ligand, in this case the coiTesponding peptide that 
activates It. The identified peptide is labeled with a suitable radioisotope, including. 

1 0 but not limited to, ^^^''\, 'H, "''S or '^^P, by methods that are well known to those 

skilled in the art. Alternatively, the peptides may be labeled by w^ell-known methods 
with a suitable fluorescent derivative (Bamdur, et ai. Drug Dev. Res., 1994, 33, 
373-398: Rogers, Drug Discovery Today, 1997. 2, 156-160). Radioactive ligand 
specifically bound to the receptor in membrane preparations made from the cell line 

1 5 expressing the recombinant protein can be detected in HTS assays in one of several 
standard ways, including filtration of the receptorTigand complex to separate bound 
ligand from unbound ligand ( Williams. Mcr/. Res. Rev., 1991, I L 147-184.; 
Sweelnam, et al.,J. Natural Products. 1993, 56, 441-455). Alternative methods 
include a scintillation proximity assay (SPA) or a FlashPlate fonnat in which such 

20 separadon is unnecessary (Nakayama, Cur Opinion Drug Disc, Dev.. 1998. I, 85-91 
Bosse. et aC J. IJiomolecular Screening, 1998, J. 285-292.). Binding of fluorescent 
li^.iands can be detected in various ways, including fluorescence energ\' transfer 
(f RF.T). direct si^'ciropho^olliuM timelnc analx sis of hound liiiand. or lliuirescence 
pt^lan/ation (Rogers, Druy Discovi'rv Tothiy, I 99". 2. ]5f>-]f>0; Mill. Cur. Cpmio/i 

25 Drug Disc. Dev.. 1998, /. 92-97). 

The phosphatases and natural binding partners required for functional 
expression ol heterologous phosphatase polx'peplules can be iiali\e constituents ol' 
Mie host reM or i\'ni l^o M^ti-oJiir,.j tbrmi Tii ,m i>;n • . i-. ^ ■ - t ! 
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results ill the stimulation or inhibition of other native proteins, events that can be 
linked to a measurable response. 

Examples of such biological responses include, but are not limited to. the 
ibllowmg: the ability to survive in the absence of a limiting nutrient in specifically 
5 engineered veast cells (Pausch. Trends ifi BiotecJuiolo:2:\\ 1997. /5. 487-494): 
changes in intracellular Ca~* concentiation as measured by fluorescent dyes 
(Murphy, et al. Cur. Opinion Drug Disc, Dev., 1998, L 192-199). Fluorescence 
changes can also be used to monitor ligand- induced changes in membrane potential 
or intracellular pH: an automated system suitable for HTS has been described for 

10 these pmposes (Schroeder, el al, J. Hi omolecular Screening, 1996, /, 75-80). 

Assays are also available for the measurement of cojumon second but these are not 
generally preferred for HTS. 

The invention contemplates a multitude of assays to screen and identify 
inhibitors of iigand binding to phosphatase polypeptides. In one example, the 

1 5 phosphatase polypeptide is immobilized and interaction with a binding partner is 
assessed in the presence and absence of a candidate modulator such as an mhibitor 
compound. \x\ another example, interaction between the phosphatase polypeptide 
and its binding partner is assessed m a solution assay, both in the presence and 
absence ol"a candidate inhibitor compound. In either assay, an inhibitor is identified 

20 as a compound that decreases binding between the phosphatase polypeptide and its 
natural binding partner. Another contemplated assay involves a variation of the di- 
hybrid assay wherein an inhibitor of protein/protein interactions is identified by 
detection of a positive signal in a trans fomied or trans fected host cell as described 
in PCT publication number WO 95/20652, published August 3, 1995 and is included 

25 by reference herein including any figures, tables, or drawings. 

Candidate modulators contemplated by the invention include compounds 
selected from libranes of either potential activators or potential inhibitors. There are 
a number of different libranes used for the identification of small nwlecule 
modulators, including: (1) chemical libraries. (2) natural product libraries, and (3) 

30 combinatorial libranes compnsed of random peptides, oligonucleotides or organic 


molecules. Chemical libraries consist ofraiidoin chemical structures, some of which 
are analogs of know n compounds or analogs of compounds lluil have been identified 
as "liits^' or "leads^^ in other drug discovery screens, while oUiers are deri\ ed from 
natural products, and still others arise from non-directed synthetic organic 
5 chemistry. Natural product libraries are collections of microorganisms, animals, 
plants, or manne organisms which are used to create mixtures for screening by: ( 1 ) 
fermentation and extraction of broths from soif plant or manne microorganisms or 
(2) extraction of plants or marine organisms. Natural product libraries include 
polyketides, non-ribosomal peptides, and variants (non-naturally occumng) thereoi; 

1 0 for a review, see Science 282:63-68 ( 1 998). Combinatorial libraries ai'e composed 
of large numbers of peptides, oligonucleotides, or organic compounds as a mixture. 
These hbraries are relatively easy to prepare by traditional automated synthesis 
methods, PGR, cloning, or proprietary synthetic methods. Of particular interest are 
non-peptide combinatorial libraries. Still other libraries of interest include peptide, 

1 5 protein, peptidomimetic, multiparallel synthetic collection, recombinatorial. and 

pol>T[:)qDtide libraries. For a review^ of combinatorial chemistry and libraries created 
therefrom, see Myers, Cun: Opin. Biotechnol 8:70^707 (1997). Identification of 
modulators through use of the various libraries described herein peimits 
modification of the candidate 'liif ' (or 'Mead"") to optimize the capacity of the '1iit" 

20 to modulate activity. 

Still other candidate inhibitors contemplated by the invention can be 
designed and include si>luhlc forms of l^inding partners, as well as such bnulmg 
ixutners as chimeric, or fusion, proteins A '1)indnig paitner" as used herein broadlx 
encompasses both natural binding partners as tk'scril)ed abo\ e as well as chimeric 

25 polypeptides, peptide modulators other than natural ligands, antibodies, antibody 
fragments, and modifiul compounds comprising antibody domains that are 
imnuiiK^specilic lor the expression product of the identified phosphatase gene. 
( )ther nssa\'^ nin\' i^o M^ed u^ <n-',-"'',^ n.-iv^i . i;,, i 
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assays that identify ligands of target proteins thnnigh affinity ultrafiltration with ion 
spray mass spectroscopy/TIPLC methods or other physical and analytical methods. 
Alternatively, such binding interactions are evaluated indirectly using the yeast two- 
hybrid system described in Fields et al. . Nature, 340:245-246 (1989), and Fields et 
^ ni Trends in Genetics, i f):2Sfv292 ( i 994). both oTwhich are incorporated herein by 
reference. The two-hybrid system is a genetic assay for detecting interactions 
between two proteins or pol^q^eptides. It can be used to identify proteins that bind to 
a known protein of interest, or to delineate domains or residues critical for an 
interaction. Variations on this methodology have been developed to clone genes that 

] 0 encode DNA binding proteins, to identify peptides that bind to a protein, and to 

screen for drugs. The two-hybrid system exploits the ability of a pair of interacting 
proteins to bnng a transcnption activation domain into close proximity with a DNA 
binding domain that binds to an upstream activation sequence (LIAS ) of a reporter 
gene, and is generally performed m yeast. 1 he assay reqmres the construction of 

15 tr\vo hybrid genes encoding (1 ) a DNA-binding domain that is fused to a first protein 
and (2) an activation domain fused to a second protein. The DNA-binding domain 
targets the first hybrid protein to the UAS of the reporter gene: however, because 
most proteins lack an activation domain, this DNA-binding hybrid protein does not 
activate transcription ol^the reporter gene. The second hybrid protein, which 

20 contains the activation domain, cannot by itself activate expression of the reporter 
gene because it does not bind the UAS. However, when both hybrid proteins are 
present- the noncovalent interaction of the first and second proteins tethers the 
activation domain to the UAS, activating transcription of the reporter gene. For 
example, when the first protein is a phosphatase gene product, or fi-agment thereof 

25 that is loiown to interact with another protein or nucleic acid, this assay can be used 
to detect agents that interfere Avith the binding interaction. Expression of the 
repoiter gene is monitored as different test agents are added to the system. The 
presence of an inhibitory agent results in lack of a reporter signal. 

When the function of the j^hosphalase polypeptide gene product is unlaiown 

30 and no ligands are knowii to bind the gene product, the yeast two-hybrid assay can 
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also be used to identify proteins thai bind to the gene pro(hict, In an assav to 
identify proteins that bind to a i:>hosphatase polype]Mide, or fragment thereof, a 
fusion polynucleotide encodnig both a phosphatase polypeptide (or fragment) and a 
I; AS binding domain (i.e.. a first protein) may be used. In additioti, a large number 
5 of hybrid genes each encodmg a different second protem fused to an activation 
domain are produced and screened in the assay. Typically, the second protein is 
encoded by one or more members of a total cDNA or genomic DNA fusion library, 
with each second protein coding region being fused to the activation domain. This 
system is applicable to a wide variety of proteins, and it is not even necessary to 

10 know the identity or function of the second bindmg protein. The system is highly 
sensiti\'e and can detect n:iteractions not revealed by other methods; even transient 
interactions may trigger transcription to produce a stable mRN^A that can be 
repeatedly translated to yield the reporter protein. 

Other assays may be used to search for agents that bind to the target protein. 

1 5 One such screening method to identify direct bindmg of test ligands to a target 

protein is described in U.S. Patent No. 5,585.277, incoiporated herein by reference. 
This method relies on the principle that proteins generally exist as a mixture of 
folded and unfolded states, and continually alternate between the tw^o stales. When a 
test ligand binds to the folded fonn of a target protein (i.e., when the test ligand is a 

20 ligand of the target protein), the target protein molecule bound by the ligand remains 
in its folded state. Thus, the folded target protein is present to a greater extent in the 
presence ofa test ligand which bmds the target protein, than in the absence of a 
lig.and. Bindin^^: o\\\w ligand to the target protein can be determined h\ an\ method 
which distinguishes between the folded and unlblded states of the target protein. 

25 The function ofThe target protein need not be known in order for this assay to be 
performed. Virtually any agent can be assessed by this method as a test ligand, 
including, but not limhed u\ metals. polypejMides. pn)teins. lipids, pol vsaecharides. 
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reference. This teclniique screens combinatorial libraries of 20 30 agents at a time 
in solution phase Ibr binding to the target protem. Agents that bind to the target 
protein are separated from other hbrar)^ components by simple membrane washmg. 
The specifically selected molecules that are retained on the filter are subsequently 
5 liberated from the target protein and anab/zed bv HPLC ' and pneumaticallv assisted 
electrospray (ion spray) ionization mass spectroscopy. This procedure selects 
library components with the greatest affinity for the target protein, and is particularly 
useful for small molecule libraries. 

In prefeiTed embodiments of the invention, methods of screening for 

1 0 compounds which modulate phosphatase activity comprise contacting test 

compounds with phosphatase polypeptides and assaying for the presence of a 
complex between the compound and the phosphatase poly^^eptide. In such assays, 
the ligand is ty]^ically labelled. After suitable incubation, free ligand is separated 
from that present in bound foim and the amount of free or uncomplexed label is a 

1 5 measure of the ability of the particular compound to bind to the phosphatase 
polypeptide. 

In another embodiment of the invention, high tlu'oughput screening for 
compounds having suitable binding affinity to phosphatase polypeptides is 
employed. Briefly, large numbers of different small peptide test compounds are 

20 s>aithesised on a solid substrate. The peptide test compounds are contacted with the 
phosphatase polypeptide and washed. Bound phosphatase polypeptide is then 
detected by methods well know n in the art. Purified polypeptides of the invention 
can also be coated directly onto plates lor use in the aforementioned drug screening 
teclmiques. In addition, non-neutralizing antibodies can be used to capture the 

25 protein and immobilize it on the solid support. 

Other embodiments of the invention comprise using comi:>etitive screening 
assays in which neutralizing antibodies capable of binding a polypeptide of the 
invention specifically compete with a test compound foi* binding to the polypeptide. 
In this manner, the antibodies can be used to detect the presence of any peptide that 

30 shares one or more antigenic determinants with a phosphatase polypeptide. 
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Radiolabeled competitive binding studies are described in A. 11. Lin et al. 
Antimicmbial Agents and Chemotherapw 1997, vol. 41, no. 1 (). pp. 2 127-2131 , the 
disclosure of which is incorporated herein by reference in its entirety. 

hi another aspect, the invention provides methods for treating a disease by 
5 administenng to a patient in need of such treatment a substance that modulates die 
activity of a phosphatase selected from the group consisting of those set forth in 
SHQ ID NO: 1 3, SEQ ID NO: 14, SHQ ID NO: 1 5, SEQ \D NO: 16, SEQ ID NO: 1 1. 
SEQ ID NO: 1 8, SEQ ID NO: 1 9. SEQ ID NO:20, SEQ ID N0:2 1 . SEQ ID NO:22, 
^EQ ID NO:23, and SEQ ID NO:24. Preferably the disease is selected from the 

1 0 group consisting of cancers, immune-related diseases and disorders, cardiovascular 
disease, brain or neuronal-associated diseases, and metabolic disorders. More 
specifically these diseases include cancer of tissues or hematopoietic origin; central 
or peripheral nervous system diseases and conditions including migraine, pain, 
sexual dysfunction, mood disorders, attention disorders, cognition disorders, 

1 5 hypotension, and hypertension; psychotic and neurological disorders, including 
anxiety, schizophrenia, manic depression, delirium, dementia, severe mental 
retardation and dyskinesias, such as Huntington's disease orTourette's Syndrome: 
neurodegenerative diseases including Alzheimer's, Parkinson's, Multiple sclerosis, 
and Amyotrophic lateral sclerosis; viral infections caused by HlV-1, liIV-2 or other 

20 viral- or prion-agents or fungal- or bacterial- organisms; metabolic disorders 
including Diabetes and obesity and their related syndromes, among others: 
cardio\ascular disorders including rcportiision restenosis, coronarv thrombosis. 
chMtini: disorders, unregulated cell growth disordei's. allierosclerosis: ocular disease 
•ncluding glaucoma, retmopathy. and macular degeneration, ninaniuiator\ tlisorders 

25 including rheumatoid arthritis, chronic inflammatoiy bowel disease, chronic 

inllammatory pelvic disease, multiple sclerosis, astlima. osteoarthritis, psoriasis, 
atherosclerosis, rhmitis, autounmunity. and t)rgan iransplani rcjectiou. 
In I'treferred cmhoil'Ti^'^t^ 'V'"- mm- mintm^ t^n^v'j-^ -ti^, r 
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having an amino acid sequence selected from the izroup consisting of those set forth 
in SEQ ID NO: 1 3, SEQ ID NO: 1 4. SEQ ID NO: 1 5, ShQ ID NO: 1 6, SEQ ID 
NO: 1 7. SEQ ID NO: 18, SEQ ID NO: 1 9. SEQ ID NO:20. SEQ ID NO:2 1 . SEQ ID 
NO;22, SEQ ID NO:23. and SEQ ID NO:24. Preferably the disease is selected from 
the group consisting of cancers, ininuine-related diseases and disorders, 
cardiovascular disease, brain or neuronal-associated diseases, and metabolic 
disorders. More specifically these diseases include cancer of tissues or 
hematopoietic ohgin; central or peripheral ner\'Ous system diseases and conditions 
including migraine, pain, sexual dysfunction, mood disorders, attention disorders, 

10 cognition disorders, hypotension, and hypertension: psychotic and neurological 
disorders, including anxiety, schizophrenia, manic depression, delirium, dementia, 
severe mental retardation and dyskinesias, such as Huntington's disease or 
Tourette's Syndrome: neurodegenerative diseases including Alzheimer's, 
Parkinson's, Multiple sclerosis, and Amyotrophic lateral sclerosis; viral infections 

15 caused by EliV-1, HIV-2 or other viral- or prion-agents or fungaE or bacterial- 
organisms; metabolic disorders including Diabetes and obesity and their related 
syndromes, among others: cardiovascular disorders including reperfusion restenosis, 
coronary^ thrombosis, clotting disorders, unregulated cell growth disordei-s, 
atherosclerosis; ocular disease including glaucoma, retinopathy, and macular 

20 degeneration; inflammatoiy disorders including rheumatoid arthiitis, clironic 
inflammatory bowel disease, chronic inflammatory pelvic disease, multiple 
sclerosis, asthma, osteoarthritis, psoriasis, atherosclerosis, rhinitis, autoimmunity^ 
and organ transplant rejection. 

The invention also features methods of treating or preventing a disease or 

25 disorder by administering to a patient in need of such treatment a substance that 

modulates the activity of a phosphatase polypeptide having an amino acid sequence 
selected from the group consisting of those set forth in SEQ ID NO: 1 3, SEQ ID 
NO: 1 4, SEQ ID NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8. SEQ ID 
NO: 19- SEQ ID NO:20. SEQ ID NO:21 . SEQ ID NO:22. SEQ ID NO:23. and SEQ 

30 ID NO:24. Preferably the disease is selected from the group consisting of cancers, 
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immune-related diseases and disorders, cardiovascular disease, brain or neuronal- 
associated diseases, and metabolic disorders. More specilically these diseases 
include cancer of tissues or hematopoietic origin: central or peripheral nervous 
system diseases and conditions including migraine, pain, sexual dysfunction, mood 
5 disorders, attention disorders, cognition disorders, hypotension, and hypertension; 
psychotic and neurological disorders, including anxiety, schizophrenia, manic 
depression, delirium, dementia, severe mental retardation and dyskinesias, such as 
liuntington\s disease or Tourette's Syndrome: neurodegenerative diseases including 
Alzheimer's, Parkinson s. Multiple sclerosis, and Amyotrophic lateral sclerosis; 

10 viral infections caused by HIV-L III V-2 or other viral- or prion-agents or fungal- or 
bacterial- organisms; metabolic disorders including Diabetes and obesity and their 
related syndromes, among others; cardiovascular disorders including reperfusion 
restenosis, coronary thrombosis, clotting disorders, unregulated cell growth 
disorders, atherosclerosis: ocular disease including glaucoma, retinopathy, and 

1 5 macular degeneration; innammatoiy disorders including rheumatoid aillii'itis. 

chronic inflaniniatoiy bowel disease, cluonic inllammatory pelvic disease, multiple 
sclerosis, asthma, osteoarthritis, psoriasis, atherosclerosis, rhinitis, autoimmunity, 
and organ transplant rejection. 

The invention also features methods of treating or preventing a disease or 

20 disorder by administering to a patient in need of such treatment a substance that 

modulates the activity of a phosphatase polypeptide ha\'ing an amino acid sequence 
selc'cted from the group consisting tlu^sc set forth in SEQ NO: 13, SUQ 10 
NO: 14. Si;0 ID NO: 1 x SI :Q ID N():U>. SfC^lD NO:l"^. SFO ID N():iy. ShQ ID 
SFO ID NO:2(), ShQ 11) NO::i. SliQ ID NO:22. SFO ID NO::?, and SFQ 

2:^ ID NO::4. Preferably the disease is selected from the group consisting of immune- 
related diseases and disorders, cardiovascular disease, and cancer. Most pt-eferably. 
the immune-related diseases and disorders are selected from the group consisting o\' 
rheumatoid arthritis, clironir infl;iinni;iton; h(>^A■l'l di^.-n^.' r)^y..^^u^ -^-^^ ,,.>m^-,^ 
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Substances useful for treatment of phosphat asc-relatcd disorders ov diseases 
preferably show positive results in one or more //; viiro assays for an activity 
corresponding to treatment of the disease or disorder in question (lixamples of such 
assays are provided and referenced herein). Examples of substances that can be 
5 screened for fax^ornhle activity are provided and referenced below. The substances 
that modulate the activity of the phosphatases preferably include, but are not limited 
to. antisense ohgonucleotides and inhibitors of protein phosphatases, as determined 
by methods and screens referenced below. 

The term ''preventing" refers to decreasing the probability that an organism 
1 0 contracts or develops an abnormal condition. 

The temi "treating'" refers to having a therapeutic effect and at least partially 
alleviating or abrogating an abnormal condition in the organism. 

The term "therapeutic effect" refers to the inhibition or activation factors 
causing or contributing to the abnormal condition. A therapeutic effect relieves to 
1 5 some extent one or more of the symptoms of the abnomial condition. In reference to 
the treatment of abnonnal conditions, a therapeutic effect can refer to one or more of 
the following- (a) an increase in the proliferation, growth, and/or differentiation of 
cells; (b) inhibition (/.e., slowing or stopping) of cell death; (c) inhibition of 
degeneration; (d) relieving to some extent one or more of the symptoms associated 
20 with the abnormal condition; and (e) enhancing the function of the affected 

population of cells. Compounds demonstrating efficacy against abnormal conditions 
can be identified as described herein. 

The term "abnormal conditioif ' refers to a function in the cells or tissues of 
an organism that deviates from their normal functions in that organism. An 
25 abnormal condition can relate to cell proliferation, cell differentiation, or cell 
survival. 

Abnormal cell proliferative conditions include cancers such as fibrotic and 
mesangial disorders, abnormal angiogenesis and \^asculogenesis. wound healing, 
psoriasis, diabetes mellitus. and inflammation. 
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Abnormal diilercntiation ceMuiitions include, but are not limited to 
ncunnlegenerativc disorders, slow wound healing rates, and slow tissue grafting 
healing rales. 

Abnonnal cell survix'al conditions relate to conditions in which programmed 

5 cell death (apoptosis) pathways are activated or abrogated. A number ofprotein 
phosphatases are associated wiih the apoptosis pathways. AbeiTations in the 
function of any one of the protein phosphatases could lead to cell immortality or 
premature cell death. 

The temi "abeiTation'\ in conjunction with the function of a phosphatase in a 

0 signal transduction process, refers to a phosphatase that is over- or under-expressed 
in an organism, mutated such that its catalytic activity is lower or higher than wild- 
t>^e protein phosphatase activity, mutated such that it can no longer interact with a 
natural binding partner, is no longer modified by another protein phosphatase or 
protein phosphatase, or no longer interacts with a natural binding partner. 

5 The term ''administering" relates to a method of incorporating a compound 

into cells or tissues of an organism. The abnonnal condition can be prevented or 
treated when the cells or tissues of the organism exist within the organism or outside 
of the organism. Cells existing outside the organism can be maintained or grown in 
cell culture dishes. For cells harbored within the organism, many tecliniques exist in 

0 the art to administer compounds, including (but not limited to) oral, parenteral, 
dermal, injection, and aerosol applications. For cells outside of the organism, 
multiple techniques exist in the art to administer the ctnnpounds, including (but not 
limite<l to) cell micn^mjeciit^i techniques, iran^tormaiinn icclmiques. and carrier 
techniques. 

5 The abnormal condition c^m also be prevented or treated by administering a 

compound to a group of cells having an aberration in a signal transduction pathway 
to an organism. The effect of administering a comptmnd on organism function can 
then He mon)1(v\'tl Th>Mir<fnniNn^ i^ iv-f'-r-ihN- ■> n-i, vi. - vr ,- ,u^v.' - ■ 
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In another aspect. lhc invention feauires methods !br detection of a 
phosphatase polypeptide in a sample as a diagnostic tool for diseases or disorders, 
wherein the method comprises the steps of: (a) conlactmg the sample with a nucleic 
acid probe which hybridizes under hybridization assay conditions to a nucleic acid 
S targei region oTa phosphatase polypeptide having an amino acid sequeiTce selected 
from the group consisting ofthose set forth in SEQ ID N0:13, SEQ ID NO:14. SEQ 
ID NO: 15, SEQ ID N0:16, SEQ ID N0:17. SEQ ID NO: 18, SEQ ID N0:19, SEQ 
ID NO:20, SEQ ID N0:2L SEQ ID NO:22. SEQ ID NO:23, and SEQ ID NO:24, 
said probe comprising the nucleic acid sequence encoding the polypeptide. 
1 0 fragments thereof, and the complements of the sequences and fragments; and (b) 
detecting the presence or amount of the probe:target region hybrid as an mdication 
of the disease. 

In preferred embodiments of the invention, the disease or disorder is selected 
ti-om the group consisting of rheumatoid arthritis, arteriosclerosis, autoimmune 

15 disorders, organ transplantation, myocardial infarction, cardiomyopathies, stroke, 
renal failure, oxidative stress-related neurodegenerative disorders, and cancer. 

Tlie phosphatase "target region" is the nucleotide base sequence selected 
from the group consisting ofthose set forth in SEQ ID N0:1, SEQ ID N0:2, SEQ 
ID N0:3, SEQ ID N0:4, SEQ ID N0:5, SEQ ID N0:6, SEQ ID N0:7, SEQ ID 

20 NO:8, SEQ ID N0:9. SEQ ID NO: 10. SEQ ID N0;1 L and SEQ ID NO: 12, or the 
coiresponding full-length sequences, a functional derivative thereof, or a fragment 
thereof to which the nucleic acid probe will specifically hybridize. Specific 
hybndization indicates that in the presence of other nucleic acids the probe only 
hybndizes detectably with the phosphatase of the invention's target region. Putative 

25 target regions can be identified by methods well known in the ail consisting of 
alignment and comparison of the most closely related sequences in the database. 

In prefen-ed embodiments the nucleic acid probe hybridizes to a phosphatase 
target region encoding at least 6, 1 2, 75, 90, 105. 120, 1 50, 200, 250, 300 or 350 
contiguous amino acids of a sequence selected from the group consisfing ofthose set 

30 forth in SEQ ID NO: 13. SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID 


wo 01 4(>3'J4 


41 

\0:17, SEQ ID NO: IS. SHQ ID NO: 19. SHQ ID NO:20, ShQ ID NO:2L Si:Q ID 
NO:22, SHQ ID NO:23. and ShQ ID NO:24, or ihc corresponding full-length amino 
acid sequence, or a functional derivative thereof 1 lybridi/ation conditions should 
be such that hybridization occurs only with the phosphatase genes in the presence of 
5 other nucleic acid molecules. Under stringent hybridization conditions only highly 
complementaty nucleic acid sequences hybridize. Preferably, such conditions 
prevent hybridization of nucleic acids having more than 1 or 2 mismatches out of 20 
contiguous nucleotides. Such conditions are defined, above. 

The diseases for which detection of phosphatase genes in a sample could be 

1 0 diagnostic include diseases in wliich phosphatase nucleic acid (DNA aiid/or RNA) is 
ampUfied in comparison to normal cells. By "amplification" is meant increased 
numbers of phosphatase DNA or RNA in a cell compared with nomial cells. In 
nomial cells, phosphatases are typically found as single copy genes. In selected 
diseases, the chromosomal location of the phosphatase genes may be amplified, 

15 resulting in multiple copies of the gene, or amplification. Gene amplillcation can 
lead to amplificaiion of phosphatase RNA, or phosphatase RNA caii be amplified in 
the absence of phosphatase DNA amplification. 

"Amplification" as it refers to RNA can be the detectable presence of 
phosphatase RNA in cells, since in some normal cells there is no basal expression of 

20 phosphatase RNA. hi other nonnal cells, a basal level of expression of phosphatase 
exists, therefore in these cases anipliflcation is the detection of at least 1-2-fold, and 
preferably more, phosphatase KNA, compared to the basal le\ el, 

I hc th'seases ilial ctnild he diagnosctl hx detection (^t phosphatase nucleic 
acid in a sample preferably iticlude cancers. The test samples suuable for nucleic 

2S acid probing methods of the present invention include, for example, cells or nucleic 
acid extracts of cells, or biological fiuids. I he samples used in the above-tlescribed 
methotls will vary based on the assa\' f(^nnat, the delection method and the nature of 
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In another aspect, the invention features a method for detection of a 
phosphatase polypeptide in a sample as a diagnostic tool for a disease or disorder, 
wherein the method comprises: (a) companng a nucleic acid target region encoding 
the phosphatase polypeptide in a sample, where the phosphatase polypeptide has an 
^ amino acid sequence selected from the group consisting those set forlh in SEQ ID 
NO: 13, SEQ ID NO; 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID 
NO: 1 8, SEQ ID NO: 1 9, SEQ ID NO:20, SEQ ID N0:2 1 , SEQ ID NO:22, SEQ ID 
NO:23, and SEQ ID NO:24, or one or more fra,gments thereof, with a control nucleic 
acid target region encoding the phosphatase polypeptide, or one or more fragments 

10 thereof; and (b) detecting differences in sequence or amount between the target 
region and the control target region, as an indication of the disease or disorder. 
Preferably the disease is selected firom the group consisting of cancers, immune- 
related diseases and disorders, cardiovascular disease, brain or neuronal-associated 
diseases, and metabolic disorders. More specifically these diseases include cancer 

1 5 of tissues or hematopoietic origin; central or penpheral nervous system diseases aiid 
conditions including migraine, pain, sexual dysfunction, mood disorders, attention 
disorders, cognition disorders, h\potension, and hypertension; psychotic and 
neurological disorders, including anxiety, schizophrenia, manic depression, 
delirium, dementia, severe mental retardation and dyskinesias, such as Huntington's 

20 disease or Tourette's Syndrome; neurodegenerative diseases including Alzheimer's, 
Parkinson's, Multiple sclerosis, and Amyotrophic lateral sclerosis; viral infections 
caused by HW-1 , HW-l or other viral- or prion-agents or fungal- or bacterial- 
organisms; metabolic disorders including Diabetes and obesity and their related 
syndromes, among others; cardiovascular disorders including reperfusion restenosis, 

25 coronary thrombosis, clotting disorders, unregulated cell growlh disorders, 

atherosclerosis; ocular disease including glaucoma, retinopathy, and macular 
degeneration; inflammatoiy disorders including rheumatoid aitlmtis, chronic 
inflammatoiy bowel disease, chronic inflamniatoiy pelvic disease, multiple 
sclerosis, asllmia, osteoarthritis, psoriasis, atherosclerosis, rhinitis, autoiniimmity, 

30 and organ transplant rejection. 
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The temi "comparing'* as used herein refers to identifying discrepancies 
helwcen the nucleic acid target region isolated from a sample, and the control 
nucleic acid target region. The discrepancies can be in the nucleotide saiuences, 
L'.,^. insertions, deletions, or point mutations, or in the amount of a given nucleotide 
5 sequence. Methods to determine these discrepancies in sequences are well-known to 
one of ordinar\' skill in die art. The "control" nucleic acid target region refers to the 
sequence or amount of the sequence found in normal cells, e.g. cells that are not 
diseased as discussed previously. 

10 METHOD OF USE 

Partial amino sequences for human protein phosphatases are encoded by 
nucleic acid sequences set forth in SEQ ID N0:1, SEQ ID N0:2, SEQ ID NO:3, 
SEO ID N0:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID N0:7, SEQ ID N0:8, SEQ 
ID N0:9, SEQ ID NO: 1 0, SEQ ID NO: 1 1 , and SEQ ID NO: 1 2. 

1^"^ These sequences will be used to tmd the full-length clone of each of the 

predicted protein phosphatases. These clones will be useful for screening for small 
molecule compounds that inhibit the catalytic activity of the encoded protein 
phosphatase with potential utility in treating disorders including cancers of tissues or 
blood particular those involving breast, colon, lung, prostate, cer\ ical, brain, 

20 ovarian, bladder, or kidney; central or peripheral nervous system diseases and 

conditions including migraine, pain, sexual dysfunction, mood disorders, attention 
disorders, cognition disorders, liypotension, and h\']>crtension; psvchoiic ant! 
ncurol(H:ical tlisordci-s. including anxiet\', schi/opliicnia, manic tieprcssion. 
delirium, dementia, severe mental retardation and tlvskinesias. such as Hunlin^t(>T^s 

2.^ disease or l ourette's Syndrome; neurodegenerative diseases includmg Alzheimer's, 
Parkinson's, multiple sclerosis, and amyotrophic lateral sclerosis; viral infections 
caused by HIV- 1, HIV-2 or other viral- or prion-agents ov lungal- or hactcrial- 
or^'iinisms: metabolic di^onknN inrlndin^^ f >i;il^ore^ :vm] nUc<;U■^■ -u^l M^.-'.- r^^i-,*.^! 
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atherosclerosis; ocular disease including glaucoma, rctinopalh\\ and macular 
degeneration; inflammator\' disorders including rheumatoid artlmtis, cluonic 
inflammaloiy bowel disease, chronic inilammatoiy pelvic disease, multiple 
sclerosis, asllinia, osteoartliritis, psoriasis, atherosclerosis, rhinitis, autoimmunity, 
^ and organ transnianT rejection. 

rhe summaiy oi^the invention described above is not limiting and other 
features and advantages of the invention will be apparent from the Tollowing 
detailed description of the invention, and from the claims. 

10 BRIEF DESCRIPTION OF THE FIGLIRES 

Figures 1 A-H show the nucleotide sequences for human protein 
phosphatases (SEQ ID NO:U SEQ ID N0:2, SEQ ID NO:3, SEQ ID N0:4, SEQ ID 
NO:5, SEQ ID N0:6, SEQ ID N0:7, SEQ ID N0:8. SEQ ID NO:9, SEQ ID NO: 1 0, 
SEQ ID NO: 11, and SEQ ID NO: 12). 

Figures 2A-2C provide amino acid sequences for the human protein 
phosphatases encoded by SEQ ID NO: 1- NO: 12 (SEQ ID NO: 13, SEQ ID NO: 14, 
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, 
SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, and SEQ ID 
NO: 24, respectively). Some of the sequences encode predicted stop codons within 
the coding region, indicated by an 'x/ 


\5 


20 


DETAILED DESCRIPTION OF THE m^EN riON 

The present invention relates to the isolation and characterization of new 
polypeptides, nucleotide sequences encoding these poh'^^eptides, various products 
25 and assay methods that can be used to identify compounds useful for the diagnosis 
and treatment of vanous polypeptide-related diseases and conditions, for example 
cancer. Polypeptides, preferably phosphatases, and nucleic acids encoding such 
polypqitides may be produced, using well-known and standard synthesis teclmiques 
w^hen given the sequences presented lierein. By reference, e.g., to fables I though 


wo HI 4(»3')4 


8, below, genes according to the invention can be belter understood. The invention 
additionally pro\ ides a number of different embodiments, such as those described 
below. 

5 Nucleic Acids 

Associations of chromosomal localizations for mapped genes with amplicons 
miplicated in cancer are based on literature searches (PubMed 

http:'V\vw/Av. ncbi.nlm.nih.gov/entrez/queiT.fcgi), OMIM searches (Online Mendelian 
hiheritance in Man, http://www.ncbi.nlm.nih.gov/Omim/seai-chomim.html) and the 

1 0 comprehensive database of cancer amplicons maintained by Knuutila, et al. 

(Knuutila, et al., DNA copy number ampUfications in human neoplasms. Review of 
comparative genomic hybridization studies. Am J Pathol 152:1 107-1 123, 1998. 
http://www.helsinki.fi/ -lgl_wwwVCM(].html) . For many of the mapped genes, the 
cytogenetic region from Knuutila is listed followed by the number of cases wath 

1 5 documented amplitlcation and the total number of cases studied. Thus for SGP006 
below, the entry "Bladder carcinoma (12q21-q24, 1/16)" means that the 
cliromosomal position has been associated with non-small cell lung cancer, at 
position 1 2q21-q24, which encompasses the SGP006's position, atid the 
amplillcation has been noted in 1 of the 16 samples studied. 

20 For single nucleotide polymorphisms, an accession number (for 

example, ss 1381 624 for SGPl 87) is given if the SNP is documented in dbSNP (the 
database ot^suigic nuclcoiide ]xMymorphisms) maintained at NCBl 

(Imp: W W \\Micbi.iihn.nih. Lio\ SN ? index. l iiinl ) . 1 he accession numlKM- for SNP can 

be used to retiieve the tiill SN P-containing sequence from this site. Candidalc SNPs 

2> without a dbSNP accession number were identiiled by inspection of Blastn outputs 
of the patent sequences vs cDNA and genomic databases, as shown in Table 7 and 
Tables, respecii\el>', in Hxaiiiple 1 
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Nucleic Ac i d Prob es, Methods, and Kits for Detection of Phosphatases 

I he present invention additionally provides nucleic acid probes an uses 
therefor. A nucleic acid probe of the present uivention may be used to probe an 
appropriate clu-omosomal or cDNA libraiy by usual hybridization methods to obtain 
5 other nucleic acid molecules of the present invention. A cliromosomal DNA or 
cDNA libraiy may be prepared from appropriate cells according to recognized 
methods in the art (cf. "Molecular Cloning: A Laboratory Manual", second edition. 
Cold Spring Harbor Laboratoiy, Sambrook, Fritsch, & Maniatis, eds., 1989). 

In the alternative, chemical synthesis can be carried out in order to obtain 

1 0 nucleic acid probes having nucleotide sequences which correspond to N-terminal 
and C-terminal portions of the amino acid sequence of the poKpeptide of interest. 
The synthesized nucleic acid probes may be used as primers in a polymerase chain 
reaction (PCR) cairied out in accordance with recognized PCR techniques, 
essentially according to PCR Protocols, "A Guide to Methods and ApplicaLiony", 

15 Academic Press, Michael, et ai, eds., 1 990, utilizing the appropnate chromosomal 
or cDNA librar}^ to obtain the fragment of the present invention. 

One skilled in the art can readily design such probes, based on the nucleic 
acid and amino acid sequences disclosed herein, usmg methods of computer 
alignment and sequence analysis known in the art ("Molecular Cloning: A 

20 Laboratoiy Manual". 1 989, supra). Tlie hybridization probes of the present 

invention caii be labeled by standard labeling techniques such as with a radiolabel. 
enzyme label, fluorescent label, biotm-avidin label chemiluminescence, and the 
like. After hybridization, the probes may be visualized using laiown methods. 

The nucleic acid probes of the present invention include RNA. as well as 

25 DNA probes, such probes being generated using techniques known in the art. llie 
nucleic acid probe may be immobilized on a solid support. Examples of such solid 
supports include, but are not limited to. plastics such as polycarbonate, complex 
carbohydrates such as agarose and sepharose, and acrylic resins, such as 
polyacrylamide and latex beads. Techniques for coupling nucleic acid probes to such 

30 solid supports are well known in the art. 
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The test samples suitable for nucleic acid probing methods of the present 
invention include, for example, cells or nucleic acid cxlracls of cells, or biological 
lluids. The samples used in the above-described methods will var>' based on the 
assay fomiat, the detection method and the nature of the tissues, cells or extracts to 

5 be assayed. Methods for preparing nucleic acid extracts of cells are well known in 
the art and can be readily adapted in order to obtain a sample which is compatible 
with the method utilized. 

One method of detecting the presence of nucleic acids of the invention m a 
sample comprises (a) contacting said sample with the above-described nucleic acid 

0 probe under conditions sucli that hybndization occurs, and (b) detecting the presence 
of said probe bound to said nucleic acid molecule. One skilled in the art would 
select the nucleic acid probe according to techniques known in the art as described 
above. Samples to be tested include but should not be limited to RNA samples of 
human tissue. 

5 A kit for detecting the presence of nucleic acids of the invention in a sample 

compnses at least one container means having disposed therein the above-described 
nucleic acid probe. The kit may further comprise other containers comprising one or 
more of the following: w^ash reagents and reagents capable of detecting die presence 
of bound nucleic acid probe. Examples of detection reagents include, but are not 

0 limited to radiolabelled probes, enzymatic labeled probes (liorseradish peroxidase, 
alkaline phosphatase), and affinity labeled probes (biotin. avidin, or steptavidin). 
Prclcnibly. ihckii further comprises insiruclions tor use. 

In dcUiil- a coinpartmcntali/ctl kii includes an\' kit m wliicli rea,L^ents are 
contained in separate containers. Such ccMitainers include small glass contamers. 
plastic containers or strips of plastic or paper. Such containers allow the efficient 
transfer of reagents from one compartment to another compartment such that the 
samples and reagents are not cross-contani Hiatal and the agents or solutions of'eacli 
r(Mitainer rmi He added mi a (nnnMt:un, c '^'w^ifni O-nrin .v* * 
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contain wash reagents (such as phosphate buffered saline. Tris-hnffers. and the like), 
and containers whicli contain the reagents used to detect the hybridized probe, bound 
antibody, ampliiled product, or the like. One skilled in the art will readily recogni/e 
that die nucleic acid probes described in the present invention can readily be 
5 incorporated into one of the established kit fomiats wlu'ch are well known in the art. 

CATECiORIZATlON OF THE POLYPEPTIDES ACCORDING TO THE 
INVT.NTION 

1 0 For a number of protein phosphatases of the invention, there is provided a 

classification of the protein class and family to which it belongs, a summary of non- 
catalytic protein motifs, as well as a cliromosomal location. This information is 
useful in detemiing function, regulation ancyor therapeutic utility for each of the 
proteins. Ajnplitication of cliromosomal region can be associated with various 

1 5 cancel's. For amplicons discussed in this application, the source of information was 
Knuutila, et al (Knuutila S, Bjorkqvist A-M, Autio Tarlvkaiien Wolf M 
Monni O, Szymanska .1, Larramendy ML, Tapper J, Pere H, El-Rifai W, Hemmer S, 
Wasenius V~M, Vidgren V & Zhu Y; DNA copy number amplifications in human 
neoplasms. Review of comparative genomic hybridization studies. Am J Pathol 

20 152T 107-1 123, 1998. http://wvvw^helsllllaTT-lgl ww^v/CMG.html). 

The phospliatase classification and protein domains often reflect pathw^ays, 
cellular roles, or mechanisms of up- or down-stream regulation. Also disease- 
relevant genes often occur in families of related genes. For example, if one member 
of a phosphatase fiimily functions as an oncogene, a tumor suppressor, or has been 

25 found to be disinpted in an immune, neurologic, cardiovascular, or metabolic 
disorder, frequently other family members may play a related role. 

Cliromosomal location can identify candidate targets for a tumor amplicon or 
a tumor-suppressor locus. Simimaries of prevalent tumor amplicons are available in 
the literature, and can identify tumor types to experimentally be confirmed to 
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contain amplified copies of a phosphatase gene which locaH/es to an adjaccnl 
region. 

A more specific characteri/alion of the pol>q:>eptides of the invention, 
including potential biological and clinical niiplications, is provided, e.g., in 
S EXAMPLES 2 and 3. 


CLASSIFICATION OF POL YPEPTIDFS FXIIIBITING PHOSPHATASE ACTIVTTY 


The polypeptides described in the present invention may belong to one of the 
10 following groups: (1) dual-specificity group of protein phosphatases (DSP); (2) 
serine-tlreonine phosphatases (SIT); or (3) protein tyrosine phosphatases (PTP), 
This classification relies, at least in part, on the conserv^ed core amino acid sequence 
motifs that make up the catalytic domain of this class of phosphatases. 

1 5 DSP Group 

The unique signature motifs of the catalytic domain of the dual-specificity 
class of phosphatases is responsible for the ability of these enzymes to 
dephosphoiylate phosphoserine/phosphothreonine as well phosphotyrosine residues. 
The dual-specificity group of protein phosphatases include the fcimily member MAP 
20 kinase phosphatases (MKP). A description of the structm-al and functional 
characteristics for the MKP familv now follows. 


M KP family 

Novel MKl^-like phosphatases in this application inchulc SGP006 (SHO 10 
25 NO: 1 ), SriP002 (SHQ ID NO:2), SGPOOl (SEQ ID N0:3K SGPOIK {SEQ ID 
N():4), S(]P003 (SEQ ID N0:5), SGP014 (SEQ ID NO:6K SGP060 (SEQ ID 
NO:^), and SGP(K»8 (SEQ ID NO:8K which arc disclosed m urealcr detail in tlie 
Tables I -f> and l:\amnle ^. (or exaiiiplc 
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heidelberg.de/smart/gei members. pl?WllAT-species&N AME -DSPc&WHICH=Ho 
mo sapiens ). Well-laiown members of the MPK family of diial-specificity 
phosphatases incltide: Dl 'SI (also known as MPK-1. CLIOO. PTPN-10, er]?, VHl or 
3CH134), DL:S3 (also known as VHR). DUS4 (also known as IIVH2, TYPl, MKP2 
5 or VH2), DUS5 (also laiown as HVH3, B23, VH3). Di:S6 (also known as PYST 1 . 
MKP3, rVH6), DUS7 (also known as PYSl 2), CDKN3 (also known as CDKN3, 
KAP, CIP2 or CDIl), VII5 and STYX. 

Most MKP phosphatases are capable of inactivating, through a 
dephosphorylation reaction, kinases that participate m the MAPK pathways. Tlic 

0 ERK (extracellular signal-regulated kinase), JNX/'SAPK (c-^Jun N-terminal 

kinase/sti'ess-activated protein kinase) and p38 MAP kinase pathways mediate the 
signal transduction events that are responsible for cell division, differentiation or 
apoptosis in response to extracellular ligands (Cobb MH, Prog Biophys Mol Biol. 
1999;71(3-4):479-500). Full MAP kinase enzymatic activation requires the 

5 concomitant phosphorylation by selective upstream dual-specificity kinases of 
threonine and tyrosine residues residing in the activation loop of the MAP kinases. 
MKP family dual- specificity phosphatases mediate MAP kinase inaclivation by 
dephosphoiylating these threonine and tyrosme residues. This mechanism provides 
negative feedback regulation of the MAP kinase patlways. MKPs may play a 

0 sigmtlcant role in human cancer by attenuating MAP kinase cascades involved in 
cellular transfonnation. 

Given the large number of MAP kinases, as well as MKT's, a central 
question is wliether tliere is selectivity in kinase substrate recognition by MKP's. 
Evidence that such specificity exists is provided by DUS-6 (MKP3) and VH5 winch 
5 have been show^i to be highly selective phosphatases tow^ards the ERK or 

JNK'SAPK and p38 MAP kinases, respectively (Muda M, et al., J Biol Chem. 1996 
Nov l;271(44):27205-8.). Another level of substrate specillcity comes from 
subcellular compartmcntalization as shown by DUS-6 (MKP3) which is found 
exclusively in the cytosol rather than in the nucleus (Groom, L.A. et al (1996) 
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EMBO J. 15: 362 1 -3()32). Further specificily can arise ai the level of ihe tissue 
specificity of expression {i.e. Muda, M. et al (1997) J. Biol. ('hem. 272:5141-515 1). 

MKP's appear to be as ubiquitous in their phylogenetic distribution as their 
MAP kinase counterparts with multiple members present in yeast ( i.e. YVIIl ), C. 
5 elegans (i.e. Y042), Drosophila, {i.Q. puckered ), plants (i.e. DsPTPl ) and 

mainmals. The primar>^ mode of action of VlKP's isolated from different species 
appears lo be M APK dephosphorylation thereby providing negative feedback to the 
MARK sippnl transduction pathways. 

MKP's may play an important role during pathophysiological h}^:)oxia as 

10 suggested by the induction of MKP-1 gene expression under low^ oxygen conditions 
(Laderroute, K. R. (1999) J. Biol. Chem. 274:1289042897). Tumor hypoxia is 
directly linked to the onset of angiogenesis during malignant progression (Hanahan, 
D. et al (1996) Cell 86:353-364 and Ma/ure, N.M. et al (1996) Cancer Res. 56:3436- 
3440). A number of genes have been found to be induced during h)^oxic conditions 

15 such as the heat shock transcription t^ctor-1 (HSF-1) (Benjamin, I.J. et al. (1990) 
Proc. Natl. Acad. Sci. 87:6263-6267). c-fos and c-jun (Ausserer. W.A. et al (1994) 
MoL Cell. Biol. 14:5032-5042. and Muller J.M. (1997) J. Biol. Chem 272:23435- 
23439) and the hypoxia-inducible factor- 1 (HIF-1) (Wenger. R.H. et al (1997) J. 
Biol. Chem. 378:609-616). MKP-1 transcripts and protein have been shown to be 

20 upregulated in earlv-stage carcinomas well as in multiple stages of breast and 
prostate carcinomas (i.e. l eav. 1. Ht al ( 1996) i.ab. hnest. 75: 3(>l-37()). ()\cr- 
cxpression (MAIKP-1 in ni'ostaio iiiin(>i-(H'll Imo^ confers resistance to 1-as liuanti- 
induced apoptosis (Srikanth. S. et al. (1999) Mol. ( ell. Biochem. 199: 1694 78) and 
it has also been suggested that MKP-l may contribute to the inhibition of apoptosis 

I'S resulting in androgen-independent growth. MKP4 may also inhibit the induction of 
apoptosis that is produced b\' antiMieoplastic agents such as cisplatin aiui 
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\]\ Y/r. el al (1998) Ciirr. Opin. Cell Biol. 10:205^219) and M.VPK phosphatases 
provide negative feedback to this pathway, it is conceivable that MKP-1 supports 
tumor growth by blocking apoptosis. Over-expression of MKP-1 can block the 
hypoxia-induced activation of SAPK/JXK in co-iransfected tumor cells (Laderroute, 
K. R. (1999) J. Biol. Chem. 2"4: ! 2890-1 289^). 

The dephosphoiylation and subsequent inactivation of ERK-1 and ERK-2 by 
MAPK phosphatases may also be responsible for suppressing angiogenic vascular 
endothehal cell prohferation by angiostatm Redlitz, A. et al (1999 J. Vase. Res 
36:28-34). 

The novel MPK family phosphatases presented in this filing contribute to a 
growing list of phosphatases that appear to have as their primary function negative 
feedback regulation of MAPK signal transduction. Since there is precedence for 
selectivity in the mechanism of action at the level of substrate recognition, 
subcellular locahzation and tissue distribution among the known IVIPK's, the novel 
MPK's described may display similar selectivity. The novel MPK^s may also play a 
role in suppressing apoptosis by blocking the JNK S.APK pathwa}^ during 
pathological hypoxia such as that occurring in angiogenic tumors. The development 
of specific phosphatase inhibitors that target the anti-apoptotic MKP's may prove 
valuable as an approach to cancer therapy. 

PIP Group 

There are 2 PTP-like sequences in this application: SGP012 (SHQ ID 
NO:l n and SGP024 (SEQ ID NO: 12), which are disclosed in greater detail in the 
Tables 1-6 and Example 2. for example. 

SGP0I2 is closely related to murine OST-PTP, also called PTP-ESP. 
Osteotesticular P FP (OST-PTP) is a putative receptor protein tyrosine phosphatase 
that possesses 10 tlbronectin type III repeats, a potential membrane-spanning region 
and an intracellular domain consisting of hvo tandem catalytic domains. "Fhe 
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expression pattern is highly restricted and is detectable primarily in bone and testis 
(Mauro et al. J Biol Chem 1996 269:30659 67). I he hgand for OST-PTP is not 
known but the structure of the exlracelhihu- domain suggests that cell-cell 
interactions may be involved. Importantly, the human ortholog has not yet been 
5 cloned. 

Fhe balance between bone deposition and resor|Mion is controlled by the 
relative activities of two cell types, osteoblasts and osteoclasts. I ht potential role of 
phosphatases in bone metabolism is onlv incompletely understood. However, in 
osteoblast cultures, inhibition of PTP activity with orthovanadate enhances matrix 

0 formation (Lau et al. Endocrinology 1 88 123:2858-67). In addition, bisphophonates, 
which are used clinically to treat bone diseases with excess resolution, cause a range 
of changes in osteoblast cultures that are consistent with increased bone deposition 
including osteoblast differentiation, alkalme phosphatase activity, [ynpQ I collagen 
secretion, and mineralization (Reinholz et al. Cancer Research 2000 60:6001-007). 

5 The molecular target of these compounds is still unknown, but it is plausible that 
inhibition of OST-PTP activity is res}:>onsible for the observed increases in bone- 
fonning activities in osteoblast cultures. Therefore targeting of OST-PTP activity 
could provide treatments for osteoporosis, non-healing fractures, and other disorders 
of bone metabolism. 

0 SGP024 represents a partial PTP I catalytic don:iain related lo PTP-delta. 

S TP Group 

i here arc 2 S LP prolclns in this application: S(ii^()39 {SVAJ ID N():9) and 
SGP040 (SHQ ID NO: 10), which are disclosed in greater detail in the fables 1-6 and 
Example 2, for example. 
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components such as small F antigen. Mutations in one of the regulatoiy subunits 
have been associated with colorectal cancers consistent with a role as a tumor 
suppressor ( Takagi et al. Gut 2000 47:268-71. Recently. PP2a has also been 
imphcated in activation of T lymphocytes (Chuang et al. Immunity 2000 13:313- 

^ ^^^). PPl hd.< been implicated in a variety of cellular functions; inclnchng response to 
hypoxia, apoptosis and c>1okinesis (Taylor ^/ aL, PNAS 2000 97:12091-96, Aylion 
c( al. EMBO J 2000 19 2237-46, Orr et ciL, Infect Immwi. 2000 68:1 350-58). 
Finally, studies in diabetic rats showed decreased PPl activity aiid elevated PP2A 
activity compared to controls (Begum and Ragolia Metabolism 1998 47:54-62). 

0 Because of the diversity of regulatory subunits that affect the activity of serine- 
threonine phosphatases, biological function of novel members are difficult to 
predict. However, the studies suggest potential involvement in a variety of diseases 
including tumorigenesis, inflammatoiy diseases, and metabolic diseases. 

THEMPEUTIC METHODS ACCORDING TO THE INVENTION: 

s 

Diagnostics: 

f he invention provides methods for detectmg a polypeptide in a sample as a 
diagnostic tool for diseases or disorders, wherein the method comprises the steps of 

0 (a) contacting the sample with a nucleic acid probe wliich hybridizes imder 
hybridization assay conditions to a nucleic acid target region of a polypeptide 
selected from the group consisting of SEQ ID N0:13, SEQ ID NO: 14, SEQ ID 
NO: 15. SEQ ID NO: 1 6, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID 
NO:20. SEQ ID NO:21. SEQ ID NO:22, SEQ ID NO:23. and SEQ ID NO:24. said 

5 probe comprising the nucleic acid sequence encoding the pol>q3eptide, fraginents 
thereof, and the complements of the sequences and fragments; and (b) detecting the 
presence or amount of the probe:target region hybrid as an indication of the disease. 

In prefeired embodiments of the invention, the disease or disorder is selected 
from the group consisting of rheumatoid aillmtis. atherosclerosis, autoimmune 

0 disorders, organ transplantation, myocardial infarction, cardiomyopathies, stroke. 
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renal failure, oxidative stress-related neurodegenerative disorders, metabolic 
disorder including diabetes, reproductive disorders including infertility, and cancer. 

Hybridization conditions should be such that hybridization occurs only with 
the genes in the presence of other nucleic acid molecules. I iider stringent 
5 hybridization conditions only highly complementar\^ nucleic acid sequences 

hybridize. Preferably, such conditions prevent hybridization of nucleic acids having 
1 or 2 mismatches out of 20 contiguous nucleotides. Such conditions are defined 
herein. 

l iie diseases lor which detection of genes in a sample could be diagnostic 
10 include diseases in which nucleic acid (DNA and/or RNA) is amplified in 

comparison to nomial cells. By ''amplification" is meant increased numbers of 

DNA or RNA in a cell compared wiih normal cells. 

''Ajmplification" as it refers to RNA can be the detectable presence of RNA 

in cells, since in some normal cells there is no basal expression of RNA. In other 
15 nonnal ceils, a basal level of expression exists, therefore in these cases amplification 

is the detection of at least 1-2-fold, and preferably more, compared to the basal level, 
^rhe diseases that could be diagnosed by detection of nucleic acid in a sample 

preferably include cancers. The test samples suitable for nucleic acid probing 

methods of the present invention include, for example, cells or nucleic acid extracts 
20 of cells, or biological fluids. The samples used in the above-described methods wWl 

vary based on the assay format, the detection method and the nature of the tissues, 

cells or extracts lo he assa\'cd. Methods ior preparing nucleic acid extracus of cells 

are well known m the art and can be readilv atlapied in ordei- obtain a sanij^le that 

is coTnpatible with the method utilized. 

2 5 Aiitihodies, Hvbridomas. Methods of Lsc a nd Ki ts for Dete ction Phosphatases: 


The present iin ention relates lo an antibody lia\ ing binding atlinitv to a 
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NO: 19, SEQ ID NO;20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, and SEQ 
ID NO:24, or a functional derivative thereof, or at least 9 contiguous amino acids 
thereof (preferably, at least 20, 30, 35, or 40 contiguous amino acids thereof). 

The present invention also relates to an antibody having specific binding 
5 affinity to a phosphatase of the invention. Such an antibody may be isolated by 
comparing its binding affmity to a phosphatase of the invention with its binding 
affinity to other pol>T3eptides. Those which bind selectively to a phosphatase of the 
invention would be chosen for use in methods requiring a distinction between a 
phosphatase of the invention and other polypeptides. Such methods could include, 

1 0 but should not be limited to, the analysis of altera! phosphatase expression in tissue 
containing other polypeptides. 

The phosphatases of the present invention can be used in a variety of 
procedures and methods, such as for the generation of antibodies, for use in 
identifying phamiaceutical compositions, and for studying DNA protein interaction. 

1 5 The phosphatases of the present invention can be used to produce antibodies 

or hybridomas. One skilled in the art will recognize that if an antibody is desired, 
such a peptide could be generated as described herein and used as an immunogen. 
The antibodies of the present invention include monoclonal and polyclonal 
antibodies, as w^ell fragments of these antibodies, and humanized fomis. Humanized 

20 fomis of the antibodies of the present invention may be generated using one of the 
procedures known in the art such as chimerization or CDR grafting. 

The present invention also relates to a hybridoma which produces the abovc- 
descnbcd monoclonal antibody, or binding fragn-ient thereof A hybridoma is an 
immortalized cell line which is capable of secreting a specific monoclonal antibody. 

25 In general, techniques for preparing monoclonal antibodies and hybridomas 

are well known in the art (Campbell, "Monoclonal Antibody Teclinology: 
Laboratory^ Techniques in Biochemistr}'^ and Molecular Biology," Elsevier Science 
Publishers, Amsterdam, The Netherlands, 1984; St. Groth et aL, J. hiimunol. 
Methods 35:1-21, 1980). Any animal (mouse, rabbit, and the like) which is known 

30 to produce antibodies can be immunized with the selected polypeptide. Methods for 
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immunization arc well known in the art. Such methods include subcutcuicous or 
intraperitoneal injection of the polypeptide. One skilled in the art will rccogni/e that 
the amount of polypeptide used for immunization will vary based on the animal 
which is immunized, the antigenicity of the polypeptide and the site of injection. 
5 The polypeptide may be modified or administered in an adjuvant in order to 

increase the peptide antigenicity. Methods of increasing the antigenicity of a 
polypeptide are well known in the ait. Such procedures include coupling the antigen 
with a heterologous protein (such as globulin or |l-galactosidase) or through the 
inclusion of an adjuvant during immunization. 

10 For monoclonal antibodies, spleen cells from the immunized animals are 

removed, fused w^'th myeloma cells, such as SP2/0-Agl4 myeloma cells, and 
allowed to become monoclonal antibody producing hybridoma cells. Any one of a 
number of methods well known in the art can be used to identify the hybridoma cell 
which produces an antibody with the desired characteristics. These include 

15 screening the hybndomas with an ELISA assay, w^estem blot analysis, or 

radioimmunoassay (Lutz et al., Exp. Cell Res. 175:109-124, 1988). Hybridomas 
secreting the desired antibodies are cloned and the class and subclass are detemiined 
using procedures known in the art (Campbell, "Monoclonal Antibody Technology: 
Laboratory Techniques in Biochemistr>' and Molecular Biology", supra, 1 984). 

20 For polyclonal antibodies, antibody-containing antisera is isolated from the 

innnunizcd animal and is screened for the presence of antibodies \v\th the desired 
spccillcity using one ol'the abo\ c-described procechnx\s. fhc abo\ e-describcd 
antibodies may be detectahly labeled. Antibodies can he dcteetabl_\' labeled iliroui:h 
the use of radicMsotopes, aftlnity labels (such as biotin, a\'idin, antl the like), 

25 enzymatic labels (such as horseradish peroxidase, alkaline phosphatase, and the like) 
fluorescent labels (such as FITC^ or rhodainiiie, and the like), paramagnetic atoms, 
and the like, i^roccdures for accomplishing such labeluig are well-known in the art. 
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be used for m vitro, in vvVo, and in situ assays to identity cells or tissues wliicli 
express a specific peptide. 

The above-described antibodies may also be immobilized on a solid support. 
Ir^xamplcs of such sohd supports include plastics such as polycarbonate, complex 
5 carbohydrates such as agarose and sepharosc. acwlic resins such as polyacp/lamiidc 
and latex beads. Techniques for coupling antibodies to such solid supports are well 
known in the art (Weir et al, "Handbook of Experimental hnmunology" 4th Ed., 
Blackwell Scientific Publications, Oxford, England, Chapter 10, 1986; Jacoby et al. 
Meth. Eii^ym. 34. Academic Press, N.Y., 1974). The immobilized antibodies of the 

1 0 present invention can be used for in vitro, in vivo, and /;/ situ assays as well as in 
i ni m unocli romo tography . 

Furthemiore, one skilled in the art can readily adapt currently available 
procedures, as well as the techniques, methods and kits disclosed herein with regard 
to antibodies, to generate peptides capable of binding to a specific peptide sequence 

1 5 in order to generate rationally designed antipeptide peptides (Hurby et al, 

"Application of Synthetic Pepddes: Antisense Peptides", In Synthetic Peptides, A 
User's Guide, W.H. Freeman, m\ pp. 289-307, 1992; Kaspczak et ^//., Biochemistiy 
28:9230-9238, 1989). 

Anti-peptide peptides can be generated by replacing the basic amino acid 

20 residues found in the peptide sequences of the phosphatases of the invention with 
acidic residues, while maintaining hydrophobic and uncharged polar groups. For 
example, lysine, argininc, and/or histidine residues arc replaced with aspartic acid or 
glutamic acid and glutamic acid residues are replaced by lysine, arginine or 
histidine. 

25 The present invention also encompasses a method of detecting a phosphatase 

polypeptide in a sample, comprising: (a) contacting the sample with an above- 
described antibody, under conditions such that immunocomplexcs fonn, and (b) 
detecting the presence of said antibody bound to the polypeptide. In detail, the 
methods comprise incubating a test sample with one or more of the antibodies of the 

30 present invention and assaying whether the antibody binds to the test sample. 
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Altered levels of a phosphatase of the iinention in a sample as compared to normal 
levels may indicate disease. 

Conditions for incubating an antibody with a test sample vary. Incubation 
conditions depend on the fomiat employed in the assay, the detection methods 
5 employed, and the type and nature of the antibody used in the assay. One skilled in 
the art will recognize that any one of the commonly available immunological assay 
fomiats (such as radioimtnunoassays, cnzymc-1 inked immunosorbent assays, 
diffusion-based Ouchterlony, or rocket immunonuorcsccnt assays) can readily be 
adapted to employ the antibodies of the present invention. Examples of such assays 

10 can be found in Chard ("An hitroduction to Radioimmunoassay and Related 

Teclmiques" Elsevier Science Publishers, Amsterdam, The Netherlands, 1986), 
Bullock et al. ("Techniques in Imniunocytochemistty," Academic Press, Orlando, 
FL Vol. 1, 1982; Vol 2, 1983; Vol. 3, 1985), Tijsscn ("Practice and Theory of 
Enzyme Iminuno assays: Laboratory Techniques in Biochemistr}^ and Molecular 

15 Biology," Elsevier Science Publishers. Amsterdam, The Netherlands, 1985). 

The immunological assay test samples of the present invention include cells, 
protein or membrane extracts of cells, or biological fluids such as blood, serum, 
plasma, or urine. The test samples used in the above-described method w^ll vary 
based on the assay format, nature of the detection method and the tissues, cells or 

20 extracts used as the sample to be assayed. Methods for preparing protein extracts or 
membrane extracts of cells are \vc\\ known in the art and can readily be adapted in 
order to obtain a sample which is testable with the system utilized. 

A kil contains all the nccessarx' reagents to carr\- otil the pre\ louslv describcti 
methods of detection. The kit may comprise: (i) a Hrst container means containing 

25 an above-described antibody, and (li) second container means containing a conjugate 
coinprising a binding partner of the antibody and a label. In another prefetred 
cfiibodiment, the kit further comprises one or more other containers comprising one 
or more of the follo^^'i^l<'■ w r-(\'i"tMiK nrd rt-rv-TM^ cMT^iiMi^ i^rdi-T^^^h'r-' tb- 
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Examples of detection reagents include, but are not limited to, labeled 
secondary antibodies, or in the alternative, if the primary antibody is labeled, the 
chromophoric, enzymatic, or antibody binding reagents wliich are capable of 
reacting with the labeled antibody. The compartmentalized kit may be as described 
above for nucleic acid probe kits. One skilled in the art will readily recognize that 
the antibodies described in the present invention can readily be incorporated into one 
of the estabhshed kit foraiats which are w^ell known in the art. 

I solation of Compounds Which Interact With Phosphatases 

The present invention also relates to a method of detecting a compound 
capable of binding to a phosphatase of the invention comprising incubating the 
compound with a phosphatase of the invention and detecting the presence of the 
compound bound to the phosphatase. The compound may be present within a 
complex mixture, for example, serum, body fluid, or cell extracts. 

The present invention also relates to a method of detecting an agonist or 
antagonist of phosphatase activity or phosphatase binding partner activity 
comprising incubating cells that produce a phosphatase of the invention in the 
presence of a compound and detecting changes in the level of phosphatase activity 
or phosphatase binding partner activity. The compounds thus identified would 
produce a change in activity indicative of the presence of the compomid. The 
compound may be present within a complex mixture, for example, serum, body 
fluid, or cell extracts. Once the compound is identified it can be isolated using 
techniques well known in the art. 

Modulating polypeptide activit> : 

The invention additionally provides methods for treating a disease or 
abnomial condition by administering to a patient in need of such treatment a 
substance that modulates the activity of a polypeptide selected from the group 
consisting of SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ 
30 ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ IDNO:20, SEQ ID N0:21, SEQ 


15 
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ID NO:22, SEQ ID NO;23, SEQ ID N(J:24, a (Unctional derivative thereof, and a 
fragment thereof Preferably, the disease is selected from the group consisting of 
rheumatoid arthritis, atherosclerosis, autoimmune disordei*s, organ transplantation, 
myocardial infarction, cardiomyopathies, stroke, renal failure,- oxidative stress- 
5 related neurodegenerative disorders, metabolic and reproductive disorders, and 
cancer. 

Substances useful for treatment of disorders or diseases preferably show 
positive results in one or more assays for an activity corresponding to treatment of 
the disease or disorder in question Substances that modulate the activity of the 
10 polypeptides preferably include, but are not limited to, antisense oligonucleotides 
and inliibitors of protein phosphatases. 

The term "preventing" refers to decreasing the probability that an organism 
contracts or develops an abnormal condition. 

The term ''treating" refers to having a therapeutic effect and at least partially 
15 alleviating or abrogating an abnomial condition in the organism. 

The teim "therapeutic effect"' refers to the inhibition or activation factors 
causing or contributing to the abnomial condition. A therapeutic effect relieves to 
some extent one or more of the symptoms of the abnomial condition, in reference to 
the treatment of abnormal conditions, a therapeutic effect can refer to one or more of 
20 the following: (a) an increase in the proliferation, growth, and/or differentiation of 
cells: (b) inliibition ( , slowing or stoppmg) of cell death; (c) inhibition of 
tlcgencration; (d) relieving to some extent one or more of the symptoms associated 
whh the af^nonnal condiiic^n; aiitl (e) enhancing the function of the alTected 
population of cells, (\impounds demonstrating cftlcacx' against abnormal conditions 
25 can be identified as described herein. 

The term "abnomial condition" refers to a function in the cells or tissues of 
an organism that de\ iates from their normal timctions in that organism. An 
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progression, i.e., irregularities in normal cell cycle progression through mitosis and 
meiosis. 

Abnomial cell proliferative conditions include cancers such as fibrotic and 
mesangial disorders, abnormal angiogenesis and vasculogenesis, wound healing, 
^ psoriasis, diabetes mcilitus, and innamniation. 

Abnormal differentiation conditions include, but arc not Hmited to, 
neurodegenerative disorders, slow wound healing rates, and slow tissue grafting 
healing rates. 

Abnomial cell survival conditions may also relate to conditions in which 

10 programmed cell death (apoptosis) pathw^ays are activated or abrogated. A number 
of protein phosphatases are associated with the apoptosis pathways. Aberrations in 
the function of any one of the protein phosphatases could lead to cell imniortalit}'^ or 
premature cell death. 

The term '^abeiTation", in conjunction with the function of a phosphatase in a 

15 signal ti'ansduction process, refers to a phosphatase that is over- or under-expressed 
in an organism, mutated such that its cataKlic activity is lower or higher than wild- 
type protein phosphatase acti\^ity, mutated such that it can no longer interact with a 
natural binding pailner, is no longer modified by another protein kinase or protein 
phosphatase, or no longer interacts with a natural binding partner. 

20 The term ^^administering" relates to a method of incorporating a compound 

into cells or tissues of an organism. The abnomial condition can be prevented or 
treated when the cells or tissues of the organism exist within die organism or outside 
of the organism. Cells existing outside the organism can be maintained or grown in 
cell culture dishes. For cells harbored within the organism, many techniques exist in 

25 the art to administer compounds, including (but not limited to) oral, parenteral, 
deimal, injection, and aerosol applications. For cells outside of the organism, 
multiple techniques exist in the art to administer the compounds, including (but not 
limited to) cell microinjection techniques, transfoimation techniques and carrier 
techniques. 
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The abnormal condition can also be prevented or treated by adniinisterinu a 
compoujid to a group of cells having an aberration in a signal transduction pathway 
to an organism. The effect of administering a compound on organism function can 
then be monitored. The organism is preferably a mouse, rat, rabbit, guinea pig or 
5 goat, more preferably a monkey or ape, and most preferably a human. 

Stimulating or Antagonizing Phosphatase-associated Activity 

The present invention also encompasses a method of agonizing (stimulating) 
or antagonizing phosphatase associated activity in a mammal comprising 
0 administering to said mammal an agonist or antagonist to an amino acid sequence 
selected from the group consisting of SEQ TD N0:1 3, SEQ ID NO: 14, SEQ ID 
NO:15, SEQ ID N0:16, SEQ ID NO:17, SEQ ID N0:18, SEQ ID N0:19, SEQ ID 
NO:20, SEQ ID N0:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, a 
functional derivative thereof, and a fragment thereof in an amount sufficient to effect 
5 said agonism or antagonism. The present application also contemplates a method of 
treating diseases in a mammal with an agonist or antagonist of the activity of one of 
the above mentioned polypeptides of the invention comprising administering the 
agonist or antagonist to a mammal in an amount sufficient to agonize or antagonize 
a phosphatase-associated function. 

The relevance of a phosphatase gene to a particular diseased condition can be 
evaluated in order to effect treatment. According to one embodiment of the present 
nn ention, niicroarray expression analysis is performed to establish expression 
pro tiles of \aiioLis phosphatase genes accordmg to the in\'ention, and therebv 
idcntifv the (Mies whose expression correlates with certam diseased eoiulitions. 

Due to the broad functional implications of various phosphatase families, 
such tiratmcnt may be effectuated to a wide range of diseases, including cancel", 
pathophysiological h\'poxia, cardiox ascular disorders, Papillon-Lefe\ re syndrome. 
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invention provides methods for treanng pathologies, including breast cancer, 
urogenital cancer, prostate cancer, head and neck cancer, lung cancer, synovial 
sarcomas, renal cell carcinoma, non-small cell lung cancer, hepatocellular 
carcinoma, pancreatic endocrine tumors, stomach cancer, gliobastoma, colorectal 
5 cancer, and thyroid cancer. 

For example, cDNAs made from RNA samples of a variety of tissue sources 
were spotted onto nylon membranes and hybridized with radio-labeled probes 
derived from the phosphatase genes of interest. Referring to Example 3 and tabic 5, 
phosphatase gene sequences used include: SEQ ID N04, SEQ ID N0:5, and SEQ 

10 ID N0:7. As discussed in the description of Table 5, infra, samples from nonnal 
tissues, tumor tissues, various cell lines, and P53 wild type and mutant were used to 
make the expression array. As shown in Example 3, the relative gene expression 
levels of the tested phosphatase genes in various tissue sources and cell lines were 
quantitated by measuring Syber Green I staining of hybridized signals. The 

1 5 numerical readings recorded in the table were noimalizcd to the hybridization result 
from ds cDNA or undenaturcd probes, after subtracting the background counts. 

Together with the information of coiTesponding nucleic acid and ammo acid 
sequences provided herein, the relevant expression levels in Table 5 constitutes 
expression profiles of the phosphatase genes of interest in various tissue sources. 

20 Such expression profile data guides application of the treatment regnne according to 
the present invention. For example, refemng to the sample, '^MH" cell line (a 
malignant melanoma) in Table 5, the levels of expression of SEQ ID N0;4 is zero. 
The level of expression of SEQ ID N0:7 (58) is low to marginal. However, the 
level of expression of SEQ ID N0:5 (2,528) is significantly higher. Such horizontal 

25 comparison reveals that the phosphatase gene encoded by SEQ ID N0:5 is 

implicated in melanoma. That is. manipulation of the fimction activities of this gene 
may affect the cancerous condition of malignant melanoma. SEQ ID N0:5 
(SGP003) encodes SEQ ID N0:1 7, a protein belonging to the MKP family, as 
shown in Table 1 , for example. Therefore, a method of treating the cancer condition 
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connected to a malignant melanoma can be, for example, to administer to the patient 
suffering irom this cancer an agent that is capable of modulating the activities of the 
phosphatase activity of the protein representui by SEQ ID NO: 1 7. The expression 
analysis according to the prefciTcd embodiment of this invention, thus, confers 
3 specificity and cffccti\'encss to the method of treatment disclosed. 

It should be appreciated that many ways of comparison and coirelation 
analysis may be carried out, based on expression data generated in the way similar to 

f-K '3 1 f\ncrirtV\f^r^ in ExaHl^l'^ ^ "TTiPco Will Hp nnt'inrpnf t/^ r^no c^illo^l in t\^n nri 

based on the above discussion and, therefore, fall within the scope of the invention. 

1 0 Inferences derived from those comparison and con*elation analysis similarly may be 
used in substantiating a treatment method or regimen, according to the invention. 
For instance, w^hen pairs of samples of normal tissues and diseased tissues are used 
to make the expression arrays, the data generated will specifically demonstrate 
which phosphatase genes arc differentially expressed in certain diseased conditions 

15 and, thereby, form targets of the treatment method according to the present 
invention. That is, modulators or agents that are capable of regulating their 
activities, either /;? vivo or vitro, may be identified and used in tlie treatment of the 
given diseased conditions. 

According to the present mvention, there also is provided a method for 
20 detecting a phosphatiise in a sample as a diagnostic tool for a disease or disorder 
usmg nucleotide probes derixed liom the phosphatase gene sequences disclosed in 
tlic present in\ enti(^ii. such as iho^c tlisclos^tl hereiir f^iic to tin; hi-oad tliin'tional 
implications of \'arious phosphatase families, such diagnostic measures mav be used 
for a wide range of diseases, including cancer, pathophysiological hypoxia, 
25 caidiovascular disorders, Papillon-TefcM-e syndrome, Cowden disease, ectordemial 
dysplasia, Moebius syndrome, Bjoriistatl s\ luirome, Bannayan Zonana svndrome. 
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synovial sarcomas, renal cell carcinoma, non-small cell lung cancer, hepatocellular 
carcinoma, pancreatic endocrine tumors, stomach cancer, gliobastoma, colorectal 
cancer, and thyroid cancer. 

In a similar vein, it is useful to determine the level of relevance of a 
5 phosphatase gene to a particular diseased condition in order to effect accurate 
diagnoses. Such determmations can be accomplished by performing microarray 
expression analysis according to one embodiment of this invention. The 
phosphatase genes whose expression coirelatcs with certain diseased conditions may 
be identified by the procedure described above. 

10 The data obtained fi'om the microaiTay data also can be used to diagnose a 

patient who may be suffering fi^om a particular pathology. A method of diagnosing 
the cancer condition connected to melanoma, according to the present invention is, 
therefore, to contact a test sample, which may be collected from a patient, with a 
nucleotide probe which is capable of hybridizing to the nucleic acid sequence which 

15 encodes the protein represented by SEQ ID NO: 17; and then to detect the presence 
of the hybridized probe:target pairs and to quantify the level of such hybridization as 
an indication of the cancer condition connected to neuroblastoma. The expression 
analysis according to the prcfeired embodiment of this invention, thus, confers 
specificity and effectiveness to the diagnostic method disclosed. 

20 As discussed above, many ways of comparison and coirelation analysis may 

be earned out based on expression data generated in the way similar to that 
described here; they also necessanly fall in the scope of the present invention. 
Inferences derived from those comparison and coiTelation analysis may similarly be 
used in substantiating the diagnostic method according to this invention. One 

25 scenario to be notal is when pairs of samples of nomial tissues and diseased tissues 
are used to make the expression arrays, the data generated will specifically 
demonstrate which phosphatase genes are differentially expressed in certain diseased 
conditions, therefore may seiwe as diagnostic markers used in the aforementioned 
diagnostic method. 


6:^ 

According to the present im^cntion, there also is pro\'ided anotlier metliod for 
detcetion oTa phosphatase in a sample as a diagnostic tool for a disease or disorder 
by comparing a nucleic acid target region of the phosphatase genes disclosed in the 
present invention, such genes encoding the amino acid sequences listed in Figure 2, 
5 with a control region; and then detecting differences in sequence or amount between 
the target region and control region as an mdication of the disease or disorder. This 
method also may be used for diagnosing a wide range of diseases, including cancer, 
pathophysiological hypoxia, cardiovascular disorders, Papillon-Lcfcvrc syndrome, 
Cowdcn disease, cctordemal dysplasia, Mocbius syndrome, Bjomstad syndrome, 
10 Bannayan Zonana syndrome, schizoplirenia and hamartomas. Of particular 
importance is diagnosis of various type of cancers. As the aforementioned 
diagnostic method, this particular method may similarly be used to test for breast 
cancer, urogenital cancer, prostate cancer, head and neck cancer, lung cancer, 
synovial sarcomas, renal cell carcinoma, non-small cell lung cancer, hepatocellular 
15 carcinoma, pancreatic endocrine tumors, stomach cancer, gliobastoma, colorectal 
cancer, and thyroid cancer. 

A target region can be any particular region of interest in a phosphatase gene, 
such as an upstream regulatory region. Variations of sequence in an upstream 
regulator}^ region in a family of phosphatase often have functional implications sonic 
of which may be significant in bringing about certain diseased conditions. Changes 
ofihc auKHint of a target region, c.^^.. changes of number ofcopies ofa reguhuorx' 
region such as a receptor-binding site, in certain phosphatase genes, inav also 
lepresent niechaiusms of functional differenliation and hence may be coniiected to 
certam diseasal states. Detection of such differences in sequence and amount of a 
target region compared to a control region therefore may effectively lead to 
detection of a diseased condition. 


20 
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may be tnadc that coiTCspoixl to a given target region and a control region, 
respectively, of a phosphatase gene of interest. Samples from normal and diseased 
tissues arc used to make microarray as discussed, supra, and in Example 3. 
Hybridization of these probes to the aijay so made will yield comparative profiles of 
5 the regit)n of interest in the normal and diseased condition, and thus may derive a 
definition of differences of the target region and control region that is characterized 
of the disease in question. Such definition, in turn, may serve as an indication of the 
diseased condition as used in the second-mentioned diagnostic method according to 
the present invention. It should be apprcciatal that many equivalent or similar 
10 methods may be used in canying out the diagnosis according to this method which 
would become apparent to the skilled person in the art based on the example 
provided here, and therefore, they are covered in the scope of this invention. 

15 In an effort to discover novel treatments for diseases, biomedical researchers 

and chemists have designed, synthesized, and tested molecules that inhibit the 
function of protein phosphatases. Some small organic molecules form a class of 
compounds that modulate the function of protein phosphatases. Examples of 
molecules that have been reported to inhibit the function of protein phosphatases 

20 include, but are not limited to, bis monocyclic, bicyclic or heterocyclic aryl 

compounds (PCT WO 92/20642, published November 26. 1992 by Maguire et al\ 
vinylcnc-azaindolc derivatives (PCT WO 94/14808. published July 7, 1994 by 
Ballinari et uL), l-cyclopropyl-4-pyridyl-quinolones (U.S. Patent No. 5,330,992), 
styryl compounds (U.S. Patent No. 5.217,999). styiyhsubstituted pyridyl compounds 

25 (U.S. Patent No. 5,302.606), certain quinazoline denvatives (£P Application No. 0 
566 266 Al). seleoindoles and selenides (PCT WO 94/03427. published Febt\iar>^ 
17. 1994 by Denny et aL), tricyclic polyhydroxylic compounds (PCT WO 92/'21660. 
published December 10, 1992 by Dow), and benzylphosphonic acid compounds 
(PCT WO 91/15495. published October 17. 1991 by Dow et al). 
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C\>mpounds thai can traverse cell membranes and are resistant to acid 
hydrolysis are potentially advantageous as (lierapeuties as they can become highly 
bioavailahle after being administerai orally to patients. However, many of tl:iese 
protein phosphatase iiiliibitors only weakly uiliibit the function of protein 
5 phosphatases. In addition, many inhibit a variety of protein phosphatases and will 
therefore cause multiple side-effects as therapeutics for diseases. 

Some indolinonc compounds, however, form classes of acid resistant and 
membrane pcmicablc organic molecules. WO 96/22976 (published August 1, 1996 
by Baiiinari et ai.) describes hydrosolublc indolinone compounds that harbor 

iO tetrahn, naphthalene, quinolinc, and indole substituents fuscxl to the oxindole ring. 
These bicyclic substituents arc in turn substituted with polar moieties including 
hydroxylated alky], phosphate, and ether moieties. U.S. Patent Application Serial 
Nos. 08/702,232, filed August 23, 1996, entitled "Indolinonc Cotnbinatorial 
Libraries and Related Products and Methods for the Treatment of Disease" by Tang 

15 etal (U.S. Serial No. 08/702,232) and U.S. Patent No. 5.880,141, entitled 

''Benzylidene-Z-Indoline Compounds for the Treatment of Disease" by Tang et ai 
(U.S. Serial No. 08/485,323) and International Patent Publications WO 96/401 16, 
published December 19, 1996 by Tang, et ai, and WO 96/22976, published August 
1 , 1 996 by Baiiinari et al^ all of which are incorporated herein by reference in their 

20 entirety, including any draw^ings, figures, or tables, describe indolinone chemical 
libraries of indolinone compounds harboring other bicyclic moieties as well as 
monoc\'clic moieties fused to the oxmdole ring. Application Serial No. OS ^02,232, 
nietl August 23, 1996, entitled "Indt^linone Combinatorial [.ibraries and Related 
Products and Methods \ox the Treatment of Disease" by Tang ct nL: I '.S. Patent No. 

25 5,880,141 , filed June 7, 1995, enthled ^^Ben/ylidene-Z-Indoline Compounds for the 
Treatment of Disease" by 1 ang et al. (US. Serial No. 08 '485.323). and WO 
96 '22976, published August 1. 199(> by I3allinari ct dl. teach methods of intlolinone 
s\7ithesis, methods of tcstiivj the i^ioltvjical ;u'M'\-it\ (>f indoiinnne rnnin(Vin(ic 
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Other examples of substances capable of modulating phosphatase activity 
include, hut are not limited to. tviphostins. quinazolines. quinoxoHncs, and 
quinolines. The quinazolines. tyiphostins. quniolines. and quinoxolincs refeiTed to 
abo\x include well known compounds such as those described in the literature. For 
5 example, representative publications describing quinazolines include Barker et ai. 
EPO Publication No. 0 520 722 Al; Jones et al. U.S. Patent No. 4,447.608: Kabbc 
et al. U.S. Patent No. 4,757.072; Kaul and Vougioukas, U.S. Patent No. 5,316,553; 
ICreighbaum and Comer, U.S. Patent No, 4.343,940; Pegg and Wardleworth, FPO 
Publication No. 0 562 734 Al; Barker e^fv/ . ( 1991) Proc. of Aiii. Assoc. for Cancer 

10 Research 32:327; Bertino. J.R., (1979) Cancer Research 3:293-304; Bertino, J.R., 
(1979) Cancer Research 9(2 part l):293-304; Curtin et al. (1986) Br. J. Cancer 
53:361-368; Femandes ei al. (1983) Cancer Research 43:1 1 17-1 123 : Ferris et al 
J. Org. Chem. 44(2):173-178; Fry et al., (1994) Science 265:1093-1095; Jackman et 
(1981) Cancer Research 51:5579-5586; Jones ei al J. Med. Chem. 29(61:1114- 

15 1 1 18; Lee and Skibo, (1987) Biochemistr\^ 26(231:7355-7362; Lemus etai, (1989) 
J. Org. Chem. 54:3511-3518: Ley and Seng, (1<)75) Synthesis 1975:415-522; 
\4axwell et al. C991) Magnetic Resonance in Mcdicme 17:189-196 : Mini et at.. 
{ 1985) Cancer Research 45:325-330: Phillips and Castle, J. (1980) Heterocyclic 
Chem. 17(19): 1489-1596; Reece et al. (1977) Cancer Research 47(1 1):2996-2999; 

20 Soulier et al. (1986) Cancer Immunol, and hiimunothcr. 23. A65; Sikora et al. 
{ 1984) Cancer Letters 23:289-295; Sikora ct al. (1988) Anal>4ical Biochem. 
172:344-355: all of which are incorporated herein by reference in their entirety, 
including any drawings. 

Quinoxaline is described in Kaul and Vougioukas. U.S. Patent No. 

25 5.3 16,553. incorporated herein by reference in its entirety, including any drawings. 

Quinolines are described in Dolle ei al. (1994) J. Med. Chem. 37:2627- 
2629: MaGuire. J. (1994) Med. Chem. 37:2129-2131: Burke et ^//.. (1993) J. Med. 
Chem. 36:425-432 ; and Burke et al (1992) BioOrgamc Mai. Chem. Letters 
2:1771-1 774. all of which arc incorporated by reference in their entirety, including 

30 any drawings. 
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Tyrphosliiis arc described in Allen ct ai. (1993) Clin. Hxp. IniniunoL 
91 : 141-156: Anafi ei al., (1993) Blood 82:12. 3524-3529: Baker ctaL. ( 1992) J. 
Tell Sci. 102:543-555: Bilder ei ai, (1991) Amcr. Physiol. Soc. pp. 6363- 
()143:r721-C730; Brunton ei uL. (1992) Proceedings of Amer. Assoc. Cancer Rsch. 
5 33:558; Bryckacrt etui, (1992) Exp. Cell Research 199:255-261 : Dong ei aL, 
( 1993) J- Leukocyte Biology 53:53-60; Dong et uL, (19^)3) J. Immunol. 
1 5 1(5):271 7-2724; Gazit et al, (1989) J. Med. Chcm. 32, 2344-2352; Gazit et ui, 
(1993) J. Med. Chcm. 36:3556-3564; Kaurc-r uL, (1994) Anti-Canccr Drugs 5:213- 
222; King etal., (1991) Biochcm. J. 275:413-418; Kuo et al, (1993) Cancer Letters 

10 74:197-202; Levitzki, A., (19^2) The FASEB J. 6:3275-3282; Lyall et ai. (1989) J. 
Biol. Chem. 264:14503-14509; Peterson et ai, (1993) The Prostate 22:335-345: 
Pillemer et al, (1992) Int. J. Cancer 50:80-85; Posncr et ai, (1993) Molecular 
Pharmacology 45:673-683; Rendu etal, (1992) BioL Pharmacology 44(5):881-888: 
Sauro and Thomas, (1993) Life Sciences 53:371-376; Sauro and Thomas, (1993) J. 

15 Phami. and Experimental Therapeutics 267(3):1 19-1 125; Wolbring et a/.. (1994) J. 
Biol. Chem. 269(36):22470-22472; and Yoncda et ai, (1991) Cancer Research 
51 :4430-4435; all of which are incorporated herein by reference in their entirety, 
including any drawings. 

Other compounds that could be used as modulators include oxindolinones 

20 such as those described in U.S. patent application Serial No. 08/702,232 Hied 
August 23, 1^'96, incorporated herein by reference in its entirety, including anv 
drawings. 

25 RECOMBIMM DM TECHNOLOGY 

i)N A ( on struc ts C om prisin^ a Phosphatase Nucleic Acid M oleci i le an d Cell s 
r Onfainin^ I'lit*se Constiiirt^ 
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the abcn e-described nucleic acid molecules. In addition, the present invention 
relates to a recombinant DNA molecule comprising a vector and an above-descnbed 
nucleic acid molecule. The present invention also relates to a nucleic acid molecule 
compnsing a transcriptional region functional in a cell, a sequence complementary 
5 to an RNA sequence encoding an amino acid sequence corresponding to the above- 
described polypeptide, and a transcriptional temiination region functional in said 
cell. The above-described molecules may be isolated and/or purified DNA 
molecules. 

The present invention also relates to a cell or organism that contains an 
0 above-descnbed nucleic acid molecule and thereby is capable of expressing a 

polypeptide. The pohq^eptide may be purified trom cells which have been altered to 
express the polypeptide. A cell is said to be "altered to express a desired 
polyT^eptide" when the cell, through genetic manipulation, is made to produce a 
protein wliich it normally does not produce or which the cell normally produces at 
5 lower levels. One skilled in the art can readily adapt procedures for introducing and 
expressing either genomic, cDNA, or synthetic sequences into either eukaryotic or 
prokar\''otic cells. 

A nucleic acid molecule, such as DMA, is said to be "capable of expressing" 
a pol>q>eptide if it contains nucleotide sequences which contain transcriptional and 

0 translational regulatory information and such sequences are "operably linked" to 
nucleotide sequences wdiich encode the pol>q:^eptide. An operable linlcage is a 
linkage in which the regulatory DNA sequences and the DNA sequence sought to be 
expressed are connected in such a way as to permit gene sequence expression. The 
precise nature of the regulator}^ regions needed for gene sequence expression may 

5 vaiy from organism to organism, but shall in general include a promoter region 
w'hich. in prokary^otes, contains both the promoter (which directs the initiation of 
RNA transcription) as well as the DNA sequences which, when transcribed into 
RNA, will signal synthesis initiation. Such regions will nomially include those 5'- 
non-coding sequences involved with initiation of transcription and translation, such 

0 as the TATA box, capping sequence, C^\AT sequence, and the like. 
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If dcsirctl, the iion-cDdiiiu region 3' to the sequence encoding a phosphatase 
of the invention may be obtained by the above-described methods. This region may 
be retained l()r its transcriptional termination regulatorv sequences, such as 
termination and polyadenylation. Thus, by retaining the 3'-region naturally 
5 contiguous to the DNA sequence encoding a phosphatase of the invention, the 
transcriptional termination signals may be provided. Where the transcriptional 
temiination signals are not satisfactorily tunctional in the expression host cell, then a 
3' region functional in the host cell may be substituted. 

Two DN A sequences (such as a promoter region sequence and a sequence 

10 encoding a phosphatase of the invention) are said to be operably linked if the nature 
of the linkage between the two DNA sequences does not (1) result in the 
introduction of a (Tame-shift mutation, (2) interfere with the abihty of the promoter 
region sequence to direct the transcription of a gene sequence encoding a 
phosphatase of the invention, or (3) interfere with the ability of the gene sequence of 

15 a phosphatase of the invention to be transcribed by the promoter region sequence. 
Thus, a promoter region wxnild be operably linked to a DNA sequence if the 
promoter were capable of effecting transcription of that DNA sequence. Thus, to 
express a gene encoding a phosphatase of the invention, transcriptional and 
translational signals recognized by an appropriate host are necessaiy. 

20 The present invention encompasses the expression of a gene encoding a 

phosphatase of the invention (or a functional derivative thereof) in either prokar\'otic 
or cukar\ onc cells. l^'okaiAotic hosts arc. general]) . \cr\' ctTicicnl and con\ cnienl 
for the production of recombinant piolcms and arc, therefore, one wpc of^prclcrrcd 
expression system for phosphatases of the in\ ention. Prokar\ otes most frequent])' 

25 are represented by various strains of £. (^oli. However, other microbial strains mav 
also be used, including other bacterial strains. 

hi prtikaryotic s\'stems, plasnn'd vectors tiiat contain replication sites ant] 
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like; ami suitable virus vectors may iuclude pMAM-neo, pKRC and the like. 
Preferably, the selected vector of the present invention has the capacity to replicate 
in the selected host cell. 

Recognized prokaryotic hosts include bacteria such as E. coli, Bacillus, 
5 Sirpptomyres^ Pseudnmonds^ Sn/wnjieila, ScrratiCL and the like. However, under 
such conditions, the polypeptide will not be glycosylated. The prokaryotic host 
must be compatible with the replicon and control sequences in the expression 
plasmid. 

To express a phosphatase of the invention (or a functional derivative thereof) 
10 in a prokaiyotic cell, it is necessar>^ to operably link the sequence encoding the 

phosphatase of the invention to a functional prokaryotic promoter. Such promoters 
may be either constitaitive or, more preferably, regulatable (i.e., inducible or 
derepressible). Examples of constitutive promoters include the //// promoter of 
bactenophage X, the hla promoter of the p-lactaniase gene sequence of pBR322, and 
15 the cat promoter of the chloramphenicol acetyl transferase gene sequence of 

pPR325, and the like. Examples of inducible prokaryotic promoters include the 
major right and left promoters of bacteriophage X ( P| and Pk), the trp, recA, hicZ, 
kaci, and ^£^^7/ promoters of £. coll, the ct-amylase (Ulmanen et al, J. Bacteriol. 
162:176-182, 1985) and the q-28-specific promoters of 5. subtilis (Oilman et ai, 
20 Gene Sequence 32:1 1-20, 1984), the promoters of the bacteriophages of Bacillus 
( Gr>^czan, hi: The Molecular Biology of the Bacilli, Academic Press, Inc., NY, 
1982), and Strepromyces promoters (Wai'd et ai, Mol. Gen. Genet. 203:468-478, 

1986) . Prokaryotic promoters are reviewed by Glick (Ind. Microbiot. 1:277-282, 

1987) , Cenatiempo (Biochmiie 68:505-516, 1986), and Gottesman (Ami. Rev. 
25 Genet. 18:415-442, 1984). 

Proper expression in a prokar\^otic cell also requires the presence of a 
ribosome-bmding site upstream of the gene sequence-encoding sequence. Such 
ribosomc-bmding sites arc disclosed, for example, by Gold ci aL (Ann. Rev. 
Microbiol. 35:365-404, 1981). fhe selection of control sequences, expression 
30 vectors, transformation methods, and the like, are dependent on the type of host cell 
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used to express the gene. As used herein, "cell", "cell hne", aud "cell culture" may 
be used interchangeably and all such designations include progeny. Ihus, the words 
"transforniants" or "transformed cells" include the primary subject cell and cultures 
derived therefrom, without regard to the number of transfers. It is also understood 
5 that all progeny may not be precisely identical in DNA content, due to deliberate or 
inadvertent mutations. However, as defined, mutant progeny have tlie same 
fimctionality as that of tlie originally transformed cell. 

Host cells which may be used in the expression systems of the present 
mvention are not strictly limited, provided iJiat they are suitable for use in the 

10 expression of the phosphatase pol>T3eptide of interest. Suitable hosts may often 
include eukar>anic cells. Preferred eukaryotic hosts include, for example, yeast, 
fungi, insect cells, mammalian cells either /// vivo, or in tissue culture. Mammalian 
cells w4rich may be useful as hosts include Hel.a cells, cells of fibroblast origin such 
as VERO or CHO-Kl, or cells of lymphoid origin and their derivatives. Preferred 

15 mammalian host cells include SP2/0 and J558L, as w^ell as neuroblastoma cell lines 
such as IMR 332, wirich may provide better capacities for con'ect post-translational 
processing. 

In addition, plant cells are also available as hosts, and control sequences 
compatible with plant cells are available, such as the cauliflow^er mosaic virus 35S 

20 and 19S, and nopaline synthase promoter and polyadenylation signal sequences. 
Another preferred host is an insect cell, for example the Drosophila larvae. Using 
insect cells as hosts, the Pros()/)/iilii alcohol tlehydrogcnasc promoter can be used 
(Rubin, Science 240: 1453- 14.*^0, 1988). Alternativelv. haculoviriis \ cctt)rs can he 
engineered to express large amounts of phosphatases of the imention in insect cells 

25 (Jasny, Science 238:1653, 1987; Miller ^7 a/., hi: Genetic Engineering, Vol. 8, 
Plenum, Setlow- et a/,, eds., pp. 277-297, 1986). 

An\' of a series of veast expression s\\stems can be utili/ed which incorporate 
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efficient transcriptional control signals. Yeast provides substantial advantages in 
that it can also carry out post-translational modifications. A number of recombinant 
DNA strategies exist utilizing strong promoter sequences and high copy number 
plasmids which can be utihzed for production of the desired proteins in yeast. Yeast 
5 recognizes leader sequences on cloned mammaiian genes and secretes peptides 
bearing leader sequences (i.e., pre-peptides). Several possible vector systems are 
available for the expression of phosphatases of the invention in a mammalian host. 

A wide variety of transcriptional and translational regulatory sequences may 
be employed, depending upon the nature of the host. The transcriptional and 

10 translational regulator}^ signals may be derived fi'om viral sources, such as 

adenovirus, bovine papilloma virus, cytomegalovirus, simian vims, or the like, 
where the regulatory signals are associated with a particular gene sequence which 
has a high level of expression. Alternatively, promoters from mammalian 
expression products, such as actin, collagen, myosin, and the like, may be employed. 

15 Transcriptional initiation regulator}^ signals may be selected which allow for 

repression or activation, so that expression of the gene sequences can be modulated. 
Of interest are regulatory signals which are temperature-sensitive so that by var}dng 
tlie temperature, expression can be repressed or initiated, or are subject to chemical 
(such as metabolite) regulation. 

20 Expression of phosphatases of the invention in eukaiyotic hosts requires the 

use of eukaryotic regulator)^ regions. Such regions will, in general include a 
promoter region sufficient to direct the initiation of RNA synthesis. PrefeiTed 
eukaryotic promoters include, for example, the promoter of the mouse 
metallothionein T gene sequence (Hamer et al., J. Mol. Appl. Gen. 1:273-288, 1982); 

25 the TK promoter of Herpes virus (McKnight, C^^// 31:355-365, 1982); the SV40 
early promoter (Benoist et al. Nature (London) 290:304-31, 1981); and the yeast 
gal4 gene sequence promoter (Johnston et a!.. Proc. Natl. Acad. Sci. (USA) 
79:6971-6975, 1982; Silver etaL, Proc. Natl. Acad. Sci. (USA) 81:5951-5955, 
1984). 
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Iranslation of eukaryotic niRNA is initiated at the codon w hich encodes the 
first methionine, lor this reason, it is preferable to ensure that the linkage between a 
eukaryotic promoter and a DNA sequence which encodes a phosphatase of the 
invention (or a functional derivative thereof) does not contain any intervening 
5 codons which are capable of encoding a methionine (i.e., AUG). The presence of 
such codons results either in the formation of a fusion protein (if the AUG codon is 
m the same reading frame as the phosphatase of the invention coding sequence) or a 
frame-shift mutation (if the AUG codon is not in the same reading frame as the 
phosphatase of the invention coding sequence). 

10 A nucleic acid molecule encoding a phosphatase of the invention and an 

operably linked promoter may be introduced into a recipient prokaryotic or 
eukaryotic cell either as a nonreplicating DNA or RNA molecule, w^hich may either 
be a linear molecule or, more preferably, a closed covalent circular molecule. vSince 
such molecules are incapable of autonomous replication, the expression of the gene 

1 5 may occur through the transient expression of the introduced sequence. 

Alternatively, permanent expression may occur thimigh the integration of the 
introduced DNA sequence into the host chromosome. 

A vector may be employed which is capable of integrating the desired gene 
sequences into the host cell chromosome. Cells which have stably integrated the 

20 introduced DNA into their chromosomes can be selected by also introducing one or 
more markers which allow for selection of host cells which contain the ex^^ression 
\ cctor. The marker mav provide tor protoiropliy to an aiixotn)pliic host, biocidc 
resistance, t■.^^. antibiotics, or hea\ \ metals, such as coppei". or llie like. The 
selectable marker gene sequence can eitlier be directlv linked to the DNA gene 

25 seciuences to be expressed, or mtroduced into the same cell by co-transfection. 
Additional elements may also be needed tor optimal svnthesis of niRNA. These 
elements ma\' include splice signals, as well as transcription promoters, enlianceis. 
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Ihe introduced nucleic acid molecule can be incorjiorated into a plasmid or 
viral vector capable of autonomous replication in the recipient host. Any of a wide 
variety of vectors may be employed for this puq^ose. Factors of importance in 
selecting a particular plasmid or viral vector include; the Qaac with which recipient 
5 cells that contain the vector may be recognized and selected from those recipient 
cells which do not contain the vector; the number of copies of the vector which are 
desired in a particular host; and whether it is desirable to be able to "shuttle" the 
vector between host cells of different species. 

Preferred prokaryotic vectors include plasmids such as those capable of 

10 replication in E. coli (such as, for example, pBR322, ColEl, pSClOl, pACYC 184, 
TiVX; "Molecular Cloning: A Laboratory Manual", 1989, supra). Bacillus plasmids 
include pC194, pC221, pT127, and the like (Gpy'czan, In: The Molecular Biology of 
the Bacilli, Academic Press, NY, pp. 307-329, 1982). Suitable Streptomyces 
plasmids include plJ 101 (Kendall et aij, Bacteriol. 169:4177-4183, 1987), and 

1 5 streptomyces bacteriophages such as (j)C31 (Chater et ai, In: Sixth International 
Symposium on Actinomycetales Biology, v\kademiai Kaido. Budapest, Hungar\\ 
pp. 45-54, 1986). Pseudomonas plasmids are reviewed by John et aL (Rev. Infect. 
Dis. 8:693-704, 198(>), and Izaki (Tpn. J. Bacteriol. 33:729-742, 1978). 

Preferred eulcaiyotic plasmids include, for example, BPV, vaccinia, SV40, 2- 

20 micron circle, and the like, or their derivatives. Such plasmids are well kiiowai in the 
art (Botstein et ah, Miami Wntr, Symp. 19:265-274, 1982; Broach, In: "The 
Molecular Biology of the Yeast Saccharomyces: Life Cycle and Inheritance", Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY, p. 445-470, 198 1; Broach, Cell 
28:203-204, 1982; Bollon et aL, J. Clin. Hematol. Oncol. 10:39-48, 1980; Maniatis, 

25 In: Cell Biology: A Comprehensive Treatise, Vol. 3. Gene Sequence Expression, 
Academic Press, m\ pp. 563-608, 1980). 

Once the vector or nucleic acid molecule containing the construct(s) has been 
prepared for expression, the DNA construct(s) may be introduced into an 
appropriate host cell by any of a variet>' of suitable means, /.e-., transformation, 

30 transfection, conjugation, protoplast fusion, electroporation, particle gun technology, 
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calcium phosphate-precipitation, direct microiniection. and the Hke. After the 
introduction of the vector, recipient cells are grown in a selective niediiini, which 
selects for the growth of vector-containing cells. Expression of the cloned gene(s) 
results in the production of a phosphatase of the invention, or tragmcnis thereof 
5 This can take place in the transformed cells as such, or following the induction of 
these cells to differentiate (for example, by administration of bromodeoxyuracil to 
neuroblastoma cells or the like). A variety of incubation conditions can be used to 
form the peptide of the present invention. The most preferred conditions are those 
which mimic physiological conditions. 

0 

Transgenic Animals : 

A variety of methods are available for the production of transgenic animals 
associated with this invention. DNA can be injected into the pronucleus of a 
5 fertilized egg before fusion of tlie male and female pronuclei, or injected into the 
nucleus of an embr>'onic cell (e.,£f., the nucleus of a two-cell embr>\i) following the 
initiation of cell division (Brinster et al, Proc. Nat. Acad Sci. USA 82:4438-4442, 
1985). Embr}a")s can be infected with viruses, especially retroviruses, modified to 
cany inorganic-ion receptor nucleotide sequences of the invention. 

0 Pluripotent stenii cells derived from the inner cell mass of tlie en^br}^o and 

stabilized in culture can be manipulated in culture to incoiporate nucleotide 
sequences of the invention. A transgenic animal can be produced (Voni such cells 
through implantation into a blastocvst that is implanted into a foster mother and 
allowed to come to term. Animals suitable for transgenic experiments can be 
obtained from standard commercial sources such as Charles River ( Wihnington, 
MA), Taconic (Germantown. NY), Harlan Sprague Daw ley (hidianapolis, IN), etc. 

Ihe procedures for manipulation of the rodent embryo antl for microinjection 
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Other procedures for introduction of DNA into tissues of animals are descnbed in 
U.S. Patent No. 4,945,050 (Sanford et ciL, July 30, 1990). 

By way of example only, to prepare a transgenic mouse, female mice are 
induced to superovulate. Females are placed with males, and the mated females are 

5 sacrificed by CO2 asphyxiation or cervical dislocation and embryos are recovered 
from excised oviducts. Surrounding cumulus cells are removed. Pronuclear 
embtyos are then washed and stored until the time of injection. Randomly cycling 
adult female mice are paired with vasectomized males. Recipient females are mated 
at the same time as donor females. Embr\'os then are transfened surgically, fhe 

0 procedure for generating transgenic rats is similar to that of mice (Hammer et ciL, 
C<?// 63: 1099- 111 2, 1990). 

Methods for the culturing of embryonic stem (ES) cells and the subsequent 
production of transgenic animals by the introduction of DNA into ES cells using 
methods such as electroporation, calcium phosphate/'DNA precipitation and direct 
5 injection also are well knowai to those of ordinary skill in the art (Teratocarcinomas 
and EmbPy^onic Stem Cells, A Practical Approach, E.T. Robertson, ed., IRL Press, 
1987). 

In cases involving random gene integration, a clone containing the 
sequence( s) of the invention is co-transfected with a gene encoding resistance. 
0 Altemati\Tly, the gene encoding neomycin resistance is physically linked to the 

sequence(s) of the invention. Transfection and isolation of desired clones are cairied 
out by any one of several methods well known to those of ordinal skill in the art 
(E.J. Robertson, supra), 

DNA molecules introduced into ES cells can also be integrated into the 
5 chromosome through the process of homologous recombina-tion (Capecchi, Science 
244: 1288-1292, 1989). Methods for positive selection of the recombination event 
(i.e.. neo resistance) and dual positive-negative selection (r.e., neo resistance and 
gancyclovir resistance) and the subsequent identification of the desired clones by 
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PCR have been described by C'apecchi, supfd and Jovner a ciL (Nature 338: 153 
156, 1989), the teachings of which are incorporated herein in their entirety inckiding 
any drawings. The final phase of the procedure is to inject targeted FS cells into 
blastocysts and to transfer the blastocysts into pseudopregnant females. The 

5 resulting chimeric animals are bred and the offspring are analyzed by Southern 
blotting to identify individuals that carry the transgene. Procedures for the 
production of non-rodent mammals and other animals have been discussed by others 
(Iloudebine and ChouiTout, supra; Pursel et uL, Science 244:1281-1288, 1989; and 
Siiiini:^ fi uL, Biu/Technology 6; 179-1 S3, i9SS). 

0 Thus, the invention provides transgenic, nonliumaji mammals containing a 

transgene encoding a kinase of the invention or a gene affecting the expression of 
the kinase. Such transgenic nonliuman mammals are particularly useful as an /// vivo 
test system for studying the effects of introduction of a kinase, or regulating the 
expression of a kinase (i.e., thi-ough the introduction of additional genes, antisense 

5 nucleic acids, or ribozymes). 

A "transgenic animal" is an animal having cells that contain DNA wiiich has 
been artificially inserted into a cell, which DNA becomes part of the genome of the 
animal which develops from that cell. Prefeired transgenic animals are primates, 
mice, rats, cows, pigs, horses, goats, sheep, dogs and cats. Tlie transgenic DiNA may 

0 encode human kinases. Native expression in an animal may be reduced by 

providing an amount of antisense RNA or DNA effective to reduce expression of the 

receptor. 

Ccii c I liera py 

Phosphatases or then- genetic secjiicnces will iilso be useful in gene therap\' 
5 (reviewed ni Miller, Nature 357:455-460, 1992). Miller states that advances have 
resulted in practical approaches to hmnan gene therapy that have demonstrated 
positive nntial results. The basic science of gene therapv is describetl in .Mulligan 
{Science 260:926-931. 199.^) 
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large numbers into patients. In another prefeiTed embodiment, a DNA segment 
containing a promoter of choice (for example a strong promoter) is transfeiTed into 
cells contammg an endogenous gene encoding phosphatases of the invention in such 
a manner that the promoter segment eiiliances expression of the endogenous 

5 phosphatase gene (for example, the promoter segment is transferred to the cell such 
that it becomes directly linked to the endogenous phosphatase gene). 

The gene therapy may involve the use of an adenovirus containmg 
phosphatase cDNA targeted to a tumor, systemic phosphatase increase by 
implantation of engineered cells, injection with phosphatase-encoding vims, or 

0 injection of naked phosphatase DNA into appropriate tissues. 

Target cell populations may be modified by introducing altered forms of one 
or more components of the protein complexes in order to modulate the activity of 
such complexes. For example, by reducing or inhibiting a complex component 
activity within target cells, an abnonnal signal transduction event(s ) leading to a 

5 condition may be decreased, inhibited, or reversed. Deletion or missense mutants of 
a component, that retain the ability to interact with other components of the protein 
complexes but cannot function in signal transduction, may be used to inhibit an 
abnormal, deleterious signal transduction event. 

Expression vectors derived from viruses such as retroviruses, vaccinia virus, 

0 adenovu-us, adeno-associated virus, herpes viruses, several RNA \iruses, or bovine 
papilloma virus, may be used for deliveiy of nucleotide sequences {e.g., cDNA) 
encoding recombinant phosphatase of the invention protein into the targeted cell 
population (e.g.. tumor cells). Methods which are well known to those skilled in the 
art can be used to construct recombinant viral vectors containing coding sequences 

5 (Maniatis et aL, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laborator\\ N.Y., 1989; Ausubel et ai. Current Protocols in Molecular Biology, 
Greene Publishing Associates and Wiley Interscience, N.Y., 1989). Alternatively, 
recombinant nucleic acid molecules encoding protein sequences can be used as 
naked DNA or in a reconstituted system e.g., liposomes or other lipid systems for 

0 delivery' to target cells {e.g., Feigner et al. Nature 337:387-8, 1989). Several other 
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methods for the direct transfer of plasmid DNA into cells exist for use in human 
gene therapy and involve tars:^ctmg the DNA to receptors on cells by complcxing the 
plasmid DNA to proteins (Miller, supra). 

In Its simplest form, gene transfer can be performed by simply injecting 
5 minute amounts of DNA into the nucleus of a cell, through a process of 

microinjection (Capecchi, Ce/l 22:479-88, 1980). Once recombinant genes are 
introduced into a cell, they can be recognized by the cell's normal mechanisms for 
transcription and translation, and a gene product will be expressed. Other methods 
have also been attempted for introducing DNA into larger numbers of cells. These 

10 methods include: transfection, wherein DNA is precipitated with calcium phosphate 
and talcen into cells by pinocytosis (Chen e( al, Mol Cell Biol 7:2745-52, 1987); 
electroporation, wherein cells are exposed to large voltage pulses to introduce holes 
into the membrane (Chu et ciL, Nucleic Acids Res. 15:1311-26, 19S7); 
lipofection/liposome fusion, wherein DNA is packaged into lipophilic vesicles 

15 which fuse with a target cell (Feigner et al.^ Proc. Natl. Acad. Sci. USA. 

84:7413-7417, 1987); and particle bombardment using DNA bound to small 
projectiles (Yang et al^ Proc. Natl. Acad. Sci. 87:9568-9572, 1990). Another 
method for introducing DNA into cells is to couple the DNA to chemically modified 
proteins. 

20 It has also been shown that adenovirus proteins are capable of destabilizing 

endosomes and enhancing the uptake of DNA into cells. The admixture of 
;idcno\ irus to solutions coniaining DNA complexes, or the binding of DNA to 
polyl\'sinc co\ alcntK' attached to adeno\ irus using protein crosslmking agents 
suhstantialK' impro\ es the uptake and expression of the recombinant gene (C"iu icl ci 

25 a/.. Am. J. Respir. Cell. Mol. Biol., 6:247-52, 1992). 

As used herein "gene transfer" means the process of introducing a foreign 
luicleic acui molecule into a cell, ("rcne iransfer is commonly performed to enable 
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into animals. Cjenerallv gene transfer involves the process of nucleic acid contact 

with a target cell by non-specific or receptor mediated interactions, uptake of nucleic 

acid into the cell through the membrane or by endocytosis, and release of nucleic 

acid into the cytoplasm from the plasma membrane or endosome. Expression may 
5 require, in addition, movement of the nucleic acid into the nucleus of the cell and 

binding to appropriate nuclear factors for transcription. 

As used herein "gene therapy" is a form of gene transfer and is included 

within the definition of gene transfer as used herein and specifically refers to gene 

transfer to express a therapeutic product from a cell in vivo or /// vitro. Gene transfer 
0 can be performed ex vivo on cells which are then transplanted into a patient, or can 

be performed by direct administration of the nucleic acid or nucleic acid-protein 

complex into the patient. 

hi another preferred embodiment, a vector having nucleic acid sequences 

encoding a phosphatase polypeptide is provided in which the nucleic acid sequence 
5 is expressed only in specific tissue. Methods of achieving tissue-specific gene 

expression are set forth in Inteniational Publication No. WO 93/09236, filed 

November 3, 1992 and published May 13, 1993. 

In all of the preceding vectors set forth above, a fuither aspect of the 

invention is that the nucleic acid sequence contained in the vector may include 
0 additions, deletions or modifications to some or all of the sequence of the nucleic 

acid, as defined above, 

Tn another prefeiTed embodiment, a method of gene replacement is set forth. 

"Gene replacement" as used herein means supplying a nucleic acid sequence which 

is capable of being expressed in vivo in an animal and thereby providing or 
5 augmenting the function of an endogenous gene which is missing or defective in the 

animal. 

PHARMACEUTICAL FORMULATIONS AND ROUTES OF ADMIN ISTR.4TI0N 

0 The compounds described herein can be administered to a human patient per 

se. or in pharmaceutical compositions where it is mixed with other active 
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ingredients, as in combination therapy, or suitable carriers or excipient(s). 
rechniques for formulation and administration of the compounds of the instant 
application may be found in "Remington's Pharmaceutical vSciences," Mack 
Publishing Co., Oaston. PA, latest edition. 

s 

Routes Ol Administration: 

vSuitable routes of administration may, ibr example, include oral, rectaU 
transmucosal, or intestinal administration; parenteral delivery, including 
10 mtramuscular, subcutaneous, intravenous, intramedullary' mjections, as well as 
intrathecal, direct intraventricular, intraperitoneal, intranasal, or intraocular 
injections. 

Alternately, one may administer the compound in a local rather than 
systemic manner, for example, via injection of the compoimd directly into a solid 
15 tumor, often in a depot or sustained release fomiulation. 

Furthermore, one may administer the drug in a targeted drug delivery system, 
for example, in a liposome coated with tumor-specific antibody. The liposomes will 
be targeted to and taken up selectively by the tiunor. 

20 Composition/Formulation: 

The phamiaceutical compositions of the present invention may be 
manufactured in a manner that is itself known, r.i:., bv means of conventional 
mixing, dissoh ing, granulating, dragee-making, le\ igating, enuilstl ving, 
2^ cncapsiihiting. cn.trapping or lyophili/ing processes. 

Pharmaceulical ct)mpositions for use in accordance w uh the present 
invention thus may be formulated in coTiventional manner using one or more 
physiologically acceptable earners comprising excipients and auxiliaries which 
facilitate processing of the active compounds into prepai ations which can he u^etl 
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For injection, the agents of the invention may he fonnnlated in aqueous 
solutions, preferably m physiologically compatible buffers such as Haiilcs's solution. 
Rmger's solution, or physiological saline buffer. For transmucosal administration, 
penetrants appropriate to the barrier to be permeated are used in the formulation. 

5 Such penetrants are generally known in the art. 

For oral administration, the compounds can be fonnulated readily by 
combining the active compounds with pharmaceutically acceptable carriers well 
known in the art. Such carriers enable the compounds of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 

0 suspensions and the like, for oral ingestion by a patient to be treated. Suitable 

carriers include excipients such as, fdlers such as sugars, including lactose, sucrose, 
mamiitol, or sorbitol; cellulose preparations such as, for example, maize starch, 
wheat starch, rice starch, potato starch, gelatin, giun tragacanth, methyl cellulose, 
hydroxypropylmethyl- cellulose, sodium carboxymethylcellulose, and/or 

5 polyvinylpyiTolidone (PVP). If desired, disintegrating agents may be added, such as 
the cross-lmked polyvinyl p>Ti*olidone, agar, or alginic acid or a salt thereof such as 
sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions may be used, which may optionally contain gum arabic, 

0 talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium 
dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. 
Dyestuffs or pigments may be added to the tablets or dragee coatings for 
identification or to characterize difl^erent combinations of active compound doses. 
Pharmaceutical preparations \vh\ch can be used orally include push-fit 

5 capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a 

plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active 
ingredients in admixture with filler such as lactose, binders such as starches, and/or 
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended in suitable liquids. 

0 such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition. 
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stabilizers may be added. All romnilations for oral adniinistraiion should be in 
dosages suitable for such adnnnistration. 

For buccal administration, the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

3 For administration by inhalation, the compounds for use according to the 

present invention are conveniently delivered in the form of an aerosol spray 
presentation from pressurized packs or a nebuliser, with the use of a suitable 
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, 
dichlorotetratluoroethane, carbon dioxide or other suitable gas. In the case of a 

0 pressurized aerosol the dosage unit may be determined by providing a valve to 
deliver a metered amount. Capsules and cartridges of e.g. gelatin for use in an 
iiilialer or insufflator may be foi-mulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

The compounds may be formulated for parenteral administration by 

5 injection, e.g., by bolus injection or continuous infusion. Formulations for injection 
may be presented in miit dosage fonn, e.g., in ampoules or in multi-dose containers, 
with an added preservative. The compositions may take such forms as suspensions, 
solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 
agents such as suspending, stabilizing and/or dispersing agents. 

0 Pharmaceutical fomiulations for parenteral administration include aqueous 

solutions of the active compounds in water-soluble form. Additionally, suspensions 
oftlic active compouiuls may be preparetl as appropriate oilv injection suspensions 
Suitable lipophilic soU'cnts or \-ehiclcs incliuk^ fatty oils such as sesame oil, or 
svnthctic fatty acid esters, such as ethyl oleatc or triglvceridcs. or liposomes. 

5 Aqueous injection suspensions may contain substances which increase the viscosity 
of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dcxtran. 
Optionaliv, the suspension ma\ also contain suitable stabilizers or auents which 
incrcn^e the soluhilit\- (^fthe ci^npoinul^ for tln^ nriM^'irntinn nriii(OiN- 
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Alternatively, the active ingredient may be in powder fonn for constitution 
with a suitable vehicle, e.g.^ sterile pyrogen-free water, before use. 

f he compounds may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases 
5 such as cocoa butter or other glycerides 

In addition to the formulations described previously, the compounds may 
also be formulated as a depot preparation. Such long acting formulations may be 
administered by nnplantation (for example subcutaneously or intramuscularly) or by 
intramuscular injection. Thus, for example, the compounds may be formulated with 
1 0 suitable pol>aneric or hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for 
example, as a sparingly soluble salt. 

A phaimaceutical carrier for the hydrophobic compounds of the invention is 
a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a water- 
1 5 miscible organic polymer, and an aqueous phase. The cosolvent system may be the 
VPD co-solvent system. VPD is a solution of 3% wvV benzyl alcohol, 8% w^\' of the 
nonpolar surfactant polysorbate 80, and 65% w/v polyethylene glycol 300, made up 
to volume in absolute ethanoL The VPD co-solvent system (VPD:D5W) consists of 
VPD dilute^:! 1 : 1 with a 5% dextrose in water solution. This co-solvent system 
20 dissolves hydrophobic compounds well, and itself produces low toxicity upon 

systemic administi'ation. Naturally, tlie proportions of a co-solvent system may be 
varied considerably without destroying its solubility and toxicity characteristics. 
Furthermore, the identity of the co-solvent components may be varied: for example, 
other low-toxicity nonpolar surfactants may be used instead of polysorbate 80; the 
25 fraction size of polyethylene glycol may be varied; other biocompatible polymers 
may replace polyethylene glycol e.g. polyvinyl pyiTolidone; and other sugars or 
polysaccharides may substitute for dextrose. 

Alternatively, other deliveiy systems for hydrophobic pharmaceutical 
compounds may be employed. Liposomes and emulsions are well known examples 
30 of delivery vehicles or earners for hydrophobic drugs. Certain organic solvents such 
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as dimetliylsulfoxide also may be employed, although usually at the cost of greater 
toxicity. Additionally, the compounds may be delivered using a sustained-iclease 
system, such as semipermeable matrices of solid liydrophobic polymers containing 
the therapeutic agent. Various sustained-release materials have been established and 
5 are well known by those skilled in the art. Sustained-release caj^sules may, 

depending on their chemical nature, release the compounds for a few weeks up to 
over 100 days. Depending on the chemical nature and the biological stability of the 
therapeutic reagent, additional strategies for protein stabilization may be employed. 
The pharmaceutical compositions also may comprise suitable solid or gel 

1 0 phase earners or excipients. Examples of such earners or excipients include but are 
not limited to calcium carbonate, calcium phosphate, various sugars, starches, 
cellulose derivatives, gelatin, and polyiners such as polyethylene glycols. 

Many of the tyrosine or serine/threonine phosphatase modulating compounds 
of the invention may be provided as salts with pharmaceutically compatible 

1 5 counterions. Phai-maceutically compatible salts may be formed witli mimy acids, 
including but not limited to hydrochloric, sulfuric, acetic, lactic, taitaric, malic, 
succinic, etc. Salts tend to be more soluble in aqueous or other protonic solvents 
that are the coiresponding free base fomis. 

20 Suitable Dosage Regimens: 

Piiannaceutical compositions suitable for use in the present inventiini include 
compt^suions where the acli\e ingredients are contained in an amount efleclive to 
ciclucw- Us niteuded jvurposL-. \K)rc sjK'ci fically. a ihei'apeuiically eiTecu\'c auKtuni 
2S means an amount of compound eilective to j)revcnt. alleviate or ameliorate 
sym]>toms of disease or ]>rolong the sur\'ival of tlie subject being treated. 
Determination of a therapeutically effective amount is well within the capability of 
those skilled m the art. es]KTuilly in light of the detailed disclosure pro\'ided herein. 
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publication number WO 96/22976, published August 1 ] 996, both orwhich are 
incorporated herein by reference in their entirety, including any drawings, figures or 
tables. Those skilled in the art will appreciate that such descriptions are applicable 
to the present invention and can be easily adapted to it. 

5 The proper dosage depends on various factors such as the type of disease 

being treated, the particular composition being used and tlie size and physiological 
condition of the patient. Therapeutically effective doses for the compounds 
described herein can be estimated initially from cell culture and animal models. For 
example, a dose can be formulated in animal models to achieve a circulating 

0 concentration range that initially takes into account the ICsq as determined in cell 
culture assays. The animal model data can be used to more accurately determine 
useful doses in humans. 

For any compound used in the methods of the mvention, the therapeutically 
effective dose can be estimated initially from cell culture assays. For example, a 

5 dose can be formulated in animal models to achieve a circulating concentr-ation 
range that includes tlie ICsd as determined in cell culture (i.e., the concentration of 
the test compound which achieves a half-maximal inhibition of the tyrosine or 
serine/tlireonine phosphatase activity). Such information can be used to more 
accurately determine useftil doses in humans. 

0 Toxicity and therapeutic efficacy of the compoimds described herein can be 

determined by standard phamiaceutical procedures in cell cultures or experimental 
animals, e.g., for detemiining the LDso (the dose lethal to 50% of the population) 
and the EDsf) (the dose therapeutically effective in 50% of the population). The dose 
ratio bet^A^een toxic and therapeutic effects is the therapeutic index and it can be 

5 expressed as the ratio between LD.q and ED^o. Compounds which exhibit high 
thei-apeutic indices are prefeired. The data obtained from these cell culture assays 
and animal studies can be used m fomiulating a range of dosage for use in human. 
The dosage of such compounds lies preferably within a range of circulating 
concentrations that include tlie ED.,, with little or no toxicity. The dosage may var)' 

0 within this range depending upon the dosage form employed and the route of 
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adminislration utilized. The exact fomnilalion, route ofadnunisiration and dosage 
can be chosen by the individual physician in view of the patient's condition. (See 
e.g., Fingl et al, 1 975, in "The Phannacological Basis ol" Therapeutics", Ch. 1 p. 1 ). 
Toxicity studies can also be carried out by measuring the blood cell 
5 composition. For example, toxicity studies can be carried out in a suitable animal 
model as follows: 1) the compound is administered to mice (an untreated control 
mouse should also be used); 2) blood samples are periodically obtcuned via the tail 
vein from one mouse in each treatment group; and 3) the smnples are analyzed for 
red and white blood cell counts, blood cell composition and the percent of lymplio- 

1 0 cytes versus polymoiphonuclear cells. A comparison of l esults for each dosing 
regime with the controls indicates if toxicity is present. 

At the termination of each toxicity study, further studies can be earned out 
by sacrificing the animals (preferably, in accordance with the Amencan Veterinary 
Medical Association guidelines Report of the American Veterimiry Medical Assoc. 

1 5 Panel on Euthanasia;229-249, 1 993 ). Representative animals from each treatment 
group can then be examined by gross necropsy for immediate evidence of 
metastasis, unusual ihness or toxicity. Gross abnormalities in tissue are noted and 
tissues are examined histologically. Compounds causing a reduction in body weight 
or blood components are less prefeired, as are compounds having an adverse effect 

20 on major organs. In general, the greater the adverse effect the less preferred the 
compound. 

For the Ircatnient of cancers llie expected daily dose of a hydropiiobic 
phamiaceutical agent is between 1 to 500 mg clay, preiciahly 1 lo 2.S0 mg'dav. and 
most preferably 1 lo >() mg'day. Drugs can be delix ered less frequenilv pnn idcd 
25 pkisma levels of the active moiety are sufficient to maintam therapeutic 
effectiveness. 

Plasma le\ els should reflect the potenc\' of the th ug. Ciencrallv. the more 
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daigs most appropriate to inhibit a disorder. Such measurements can he carried out. 
For example, IIPLC analysis can be performed on the plasma of animals treated 
with the drug and the location of radiolabeled compounds can be determined using 
detection methods such as X-ray, CAT sccin and Mill. Compounds that show potent 
5 inliibitoiA' activity in tlie screening assays, but have poor pharmacokinetic charac- 
teristics, can be optimized by altering the cliemical structure and retesting. In this 
regard, compounds displaying good phamiacokinetic characteristics can be used as a 
model. 

Dosage amount and inter\^al may be adjusted individually to provide plasma 
1 0 levels of the active moiety which are sufiicient to maintain the phosphatase 

modulating effects, or minimal effective concentration (MEC). The MEC will vary 
for each compound but can be estimated from vitro data; e.g., the concentration 
necessary to achieve 50-90*^0 inhibition of the phosphatase using the assays 
described herein. Dosages necessary to achieve the MEC will depend on individual 
15 characteristics and route of administration. However, liPLC assays or bioassays can 
be used to determine plasma concentrations. 

Dosage intervals can also be detennined using \TEC value. Compounds 
should be administered using a regimen wliich maintanis plasma levels above the 
MEC for 10-90% of the time, preferably between 30-90% and most preferably 
20 between 50-90%. 

In cases of local administration or selective uptake, the effective local 
concentration of the drug may not be related to plasma concentration. 

The amount of composition administered will, of course, be dependent on the 
subject being treated, on the subject's weight, the severity of the affliction, the 
25 manner of administration and the judgment of the prescribing physician. 

Packaging: 

The compositions may. if desired, be presented in a pack or dispenser device 
30 which may contain one or more unit dosage forms contaming the active ingredient. 
The pack may for example comprise metal or plastic foil, sucli as a blister pack. Tlie 
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pack or dispenser device may be accompanied by instructions for adminisiralion. 
The pack or dis]icnscr may also be accompanied with a notice associated with the 
container in form prescribed by a governmental agency regulatnig the manufacture, 
use, or sale of pharmaceuticals, which notice is reflective of a])prova] by the agency 
5 of the form of the polynucleotide for human or veterinaiy adnnnistration. Such 
notice, for example, may be the labeling approved by the U.wS. Food and Drug 
Administration for prescription drugs, or the approved product insert. Compositions 
comprising a compound of the invention formulated in a compatible phamiaceutical 
earner may also be prepared, placed in an appropriate container, and labeled for 
10 treatment of an indicated condition. Suitable conditions indicated on the label may 
include treatment of a tumor, inhibition of angiogenesis, treatment of fibrosis, 
diabetes, and the like. 

FUNCTIONAL DERIVATIVES 

15 

Also provided herein are functional derivatives of a polypeptide or nucleic 
acid of the invention. By "functional derivative" is meant a "chemical derivative," 
"fragment," or "variant," of the polypeptide or nucleic acid of the invention, which 
temis are defined below. A functional derivative retains at least a portion of the 

20 function of the protein, for example reactivity with an antibody specific for the 
protein, enzymatic activity or binding activity mediated through noncatalytic 
domains, which permits its utility in accordance with the present invention. It is 
well known in the an that due lo ihc degeneracy of the genetic code numerous 
different nucleic acul sequences can code fbi the same amino acid sequence. 

2.^ Hqually, it is also well known in the art that conservative changes m amino acid can 
he made to arrive at a ]>rolein or polypeptide that retains the functionality of the 
original. In both cases, all pennutations are intended lo be covered by tins 
disclosure. 
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amino acid and hence would give rise to the same protein. The nucleic acid 
sequence can vaty substantially since, with the exception of methionine and 
ti-vptophan, the known amino acids can be coded lor by more than one codon. Thus, 
portions or all of the genes of the invention could be synthesized to give a nucleic 
5 acid sequence significantly different from one selected from the group consisting of 
those set forth in SEQ ID N0:1, SEQ ID N0:2, SEQ ID N0:3, SEQ ID N0:4, SEQ 
ID N0:5, SEQ ID N0:6, SEQ ID N0:7, SEQ ID N0:8, SEQ ID N0:9, SEQ ID 
NO: 1 0, SEQ ID NO: 11 , and SEQ ID NO: 1 2. The encoded amino acid sequence 
thereof would, however, be preserved. 

1 0 In addition, the nucleic acid sequence may comprise a nucleotide sequence 

which results from the addition, deletion or substitution of at least one nucleotide to 
the 5'-end and/or the 3'-end of the nucleic acid formula selected from the group 
consisting of those set forth in SEQ ID NO: 1, SEQ ID N0:2, SEQ ID N0:3, SEQ 
ID NO:4, SEQ ID N0:5, SEQ ID N0:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID 

15 NO: 9, SEQ ID NO: 1 0, SEQ ID NO: 1 1 , and SEQ ID NO: 1 2, or a derivative thereof. 
Any nucleotide or polynucleotide may be used in this regard, provided that its 
addition, deletion or substitution does not alter the amino acid sequence of selected 
from the group consisting of those set forth in SEQ ID N0:13, SEQ ID N0:14, SEQ 
ID NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9, SEQ 

20 ID NO:20, SEQ ID N0:21 , SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24, 
which is encoded by the nucleotide sequence. For example, the present invention is 
intended to include any nucleic acid sequence resulting from the addition of ATG as 
an initiation codon at the 5'-end of the im^entive nucleic acid sequence or its 
derivative, or from tlie addition of TTA, TAG or TGA as a temiination codon at the 

25 3'-end of the inventive nucleotide sequence or its derivative. Moreover, the nucleic 
acid molecule of the present invention may, as necessary, have restriction 
cndonuclease recognition sites added to its 5'-end and/or 3'-end. 

Such functional alterations of a given nucleic acid sequence afford an 
opportunity to promote secretion andA^r jM ocessing of heterologous proteins encoded 

30 by foreign nucleic acid sequences fused thereto. All variations of the nucleotide 
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sequence oftlie phosphatase genes of tlie invention iuid fragments thereof permitted 
by tlie genetic code are, thereibre, nicluded in this invention. 

Further, it is possible to delete codons or to substitute one or more codons 
with codons other than degenerate codons to produce a structurally modified 
5 polypeptide, but one which has substantially the same utility or activity as the 
polypeptide produced by the unmodified nucleic acid molecule. As recognized in 
the art, the two polypeptides are functionally equivalent, as are the two nucleic acid 
molecules that give rise to their production, even though the differences between the 
nucleic acid molecules are not related to the degeneracy of the genetic code. 

10 A "chemical derivative" of the complex contains additional chemical 

moieties not normally a part of the protein. Covalent modifications of the protein or 
peptides are included within the scope of this invention. Such modifications may be 
introduced into the molecule by reacting targeted amino acid residues of the peptide 
with an organic derivatizing agent that is capable of reacting with selected side 

1 5 chains or terminal residues, as described below. 

Cysteinyl residues most commonly are reacted with alpha-haloacetates (and 
corresponding amines), such as chloroacetic acid or chloroacetamide, to give 
carboxymethyl or carboxyamidomethyl derivatives, Cysteinyl residues also are 
derivatized by reaction with bromolrifluoroacetone, chloroacetyl phosphate, N- 

20 alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p- 

chloromercuribenzoate, 2-chloromercuri-4-nitrop]ienol. or chloro-7-nitrobenzo-2- 
oxa- 1 ..^>-diazole. 

f hstuiyl residues are deri\ ali/ed b\- reaction with dieilniprocarbonate at pf f 
■^.5-^.0 because this agent is relalivel\- specific for the lusticKi side chani. Para- 
25 bromophenacyl bromide also is useful; the reaction is preferably performal in 0. 1 M 
sodium cacodylate at pH 6.0. 

f ysinyl and amino terminal residues aie reacted with siicciinc or other 
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picolinimidate; pyridoxal phosphate; pyndoxal; chloroborohydride: 
irinitrobenzenesulfonic acid: 0-methyHsourea; 2,4 pentanedione; and triuisaminase- 
catalyzed reaction witli glyoxylate, 

Arginyl residues are modified by reaction with one or several conventional 
5 reagents, among them phenylglvoxal. 2.3-butanedione. 1 .2Hjycloliexanedione. and 
ninli\dnn. Derivatizadon of arginme residues reqiures that the reaction be 
performed in alkahne conditions because of the high pK^ of the guanidine functional 
group. Furthermore, these reagents may react with the groups of lysnie as weU as 
the arginine alpha-amino group. 

10 Tyrosyl residues are well-known targets of modification for introduction of 

spectral labels by reaction with aromatic diazoniuni compounds or 
tetranitromethane. Most commonly, N-acetylimidizol and tetranitromethane are 
used to form 0-acetyl tyrosyl species and 3-nitro derivatives, respectively. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by 

15 reaction with carbodiimide (R'-N-C-N-R') such as l-cyclohexyh3-(2-moipholinyl(4- 
ethyl ) carbodiimide or l-ethyl-3-(4-cizoma-4,4-dimethylpentyl) carbodiimide. 
Furthermore, aspailyl and glutamyl residues are converted to asparaginyl and 
glutaininyl residues by reaction with ammonium ions. 

Glutaminyl and asparaginyl residues are frequently deamidated to the 

20 corresponding glutamyl and as])artyl residues. Alternatively, these residues are 
deamidated under mildly acidic conditions. Eitl^er form of these residues falls 
within the scope of this invention. 

Derivatization with biftmctional agents is useful, for example, for cross- 
linking the component peptides of the protein to each other or to other proteins in a 

25 complex to a water-insoluble support matrix or to other macromolecular carriers. 
Commonly used cross-liiiJcing agents include, for example, 1 , 1 -bis(diazoacetyl)-2- 
phenylethane, glutaraldehyde, N-hydroxysuccimmide esters, for example, esters 
with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidyl 
esters such as 3,3'-dithiobis(succinimidylpropionate), and bifunctional maleimides 

30 such as bis-N-maleimido- 1 ,8-octane. Derivatizmg agents such as methyl-3-[p- 
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azulophenyl) dithiolpropioimidate yield photoactivalablc inlemiediates thai are 
capable of forming crosslinks in tlie presence oTli^lit. Alternalivoly, reactive water- 
insoluble matrices such as cyanogen bromide-activated carbohydrates and tlie 
reactive substrates described ni U.S. Patent Nos. 3,969,287; 3,691,016; 4,195.128: 

5 4,247,642; 4,229,537; and 4,330,440 are employed for protein immobilization. 
Other modifications include hydroxylation of proline and lysine, 
phosphorylation of hydroxy! groups of seryl or threonyl residues, methylation of the 
alpha-ammo groups of lysine, arginine, mad histidine side chains (Creighton, T.E., 
Proteins: Structure and Molecuiar Properties, VV.H. i^-eeman ^ Co., San Francisco, 

0 pp. 79-86 (1983) ), acetylalion of the N-temiinal amine, and, in some instances, 
amidation of the C-temiinal carboxyl groups. 

Such derivatized moieties may improve the stability, solubility, absorption, 
biological half-life, and the like. The moieties may alternatively eliminate or 
attenuate any undesirable side effect of the protein complex and the like. Moieties 

5 capable of mediating such effects are disclosed, for example, in Remington's 
Phiu-niaceutical Sciences, 18th ed.. Mack Publishing Co., Easton, PA (1990). 

The temi 'Tragment" is used to indicate a polypeptide derived from the 
amino acid sequence of tlie proteins, of the complexes having a length less than tlie 
full-length polypeptide from which it has been derived. Such a fragment may, for 

0 example, be produced by proteolytic cleavage of the full-length protein. Preferably, 
the fragment is obtained recombinantly by appropriately modifying the DNA 
sequence eticotling the proteins to delete one or moie amino acids at one oi more 
sites of the (terminus, \-tcrminus. aiul'oi- within the nati\e sec|uence. fraumcnts 
of a protein are useful for screening for substances that act to modulate signal 

5 transduction, as descnbed herein. It is understood that sucli fragments may retain 
one or more cliaracteri/ing portions of the native complex. Examples of such 
retained characteristics include: catalvtic actix ily: substrate specificitv: interaction 
w'wh other iiK^lecules in the intact cell: iV!Mi1ator\- funriions: ot- hifulin^r v,ith ;ni 
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Another functional derivative intended to be within the scope of the present 
invention is a "variant" polypeptide which either lacks one or moi e amino acids or 
contains additional or substituted amino acids relative to the native polypei')tidc. The 
variant may be derived from a naturally occuning complex component by 

5 appropriately miodifying the protein DNA coding sequence to add. remove, and/or to 
modify codons for one or more amino acids at one or more sites of the C-terminus, 
N-terminus, and/or within the native sequence. It is understood that such variants 
liaving added, substituted and^or additional amino acids retain one or more 
characterizing portions of the native protein, as described above. 

0 A functional derivative of a protein with deleted, inserted and/or substituted 

amino acid residues may be prepared using standard tecliniques well-known to those 
of ordinai-y skill in the art. For example, the modified components of the functional 
derivatives may be produced using site-directed mutagenesis techniques (as 
exemplified by Adelman et aL, 1983, DNA 2.183) wherein nucleotides in the DNA 

5 coding the sequence are modified such that a modified coding sequence is modified, 
and thereafter expressing this recombincint DNA in a prokaiyotic or eukan^otic host 
cell using techniques such as those described above. Alternatively, proteins with 
amino acid deletions, insertions and/or substitutions may be conveniently prepared 
by direct chemical synthesis, using methods w^ell-known in the art. The functional 

0 derivatives of the proteins typically exhibit the same qualitative biological activity as 
the native proteins. 

The invention also provides methods for determining whether a nucleic acid 
sequence encodes a phosphatase, acairding to the invention, which contains one or 
more charactenzing portions of the native complex. As noted, examples of such 

5 retained characteristics include: catalytic activity; substi'ate specificity; interaction 
with other molecules in the intact cell: regulatory functions; or binding with an 
antibody specific for the native complex, or an epitope diereof Accordingly, the 
invention provides an assay analyzing one or more characteristics in particular, the 
presence of a catalytic domain of a polypeptide phosphatase encoded by a given 

0 nucleic acid molecule. 
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To this end, a suitable assay can begin by puritying and quantitating a 
photphase protein. The protein then can be assayed, for example, by serial 
dilution and incubation m a bulTer {e.i^. AHT bulYer) comprising a substiate 
capable of undergoing hydrolysis and optionally a reducing agent capable of 
5 nicreasing any catal>1ic activity of the polypeptide. Preferably, the substrate is p- 
nitrophenyl phosphate (pNPP) and the reducnig agent is dithiothreitol (DTT), at mM 
concentrations of 4X and IX, respectively. Incubation can be at room temperature 
from about 2 minutes to overnight, depending on activity. To stop the reaction, 
add NaOH, which can be about 100 ul of 10 N NaOH. The suspension can be 
10 centrifuged and the supernatant analyzed at an OD of 410 iiM to determine 
whether to protein phosphatase exhibited catalytic properties. 
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FABLES 
AND 

DESCRIPTION THEREOF 

5 Table 1 documents the name of eacTi gent-, ilic clrissifiration of each gene 

product, the positions of the open readmg frames within the sequence, and the length 
of the corresponding peptide. From left to right the data presented is as follows: 
"Gene Name", 'TD#na'\ 'TD#aa'\ "FL/Cat", "Superfamily", ^^Group^\ ^Tamily'\ 
"NAJength", ^*ORF Start", "ORE End", ^'ORF Length", and '^AA lengtli". "Gene 

i 0 name" refers to name given the sequence encoding the phosphatase or phosphatase- 
like enzyme. Each gene is represented by "SGP" designation followed by an 
arbitraiy^ munber. The SGP name usually represents multiple overlapping sequences 
built into a single contiguous sequence (a ''contig"). The 'lD#na" and 'TO#aa" refer 
to the identification numbers given each nucleic acid and ammo acid sequence in 

1 5 this patent. ^TL/Cat" refers to the length of the gene, with FL indicating full length, 
and "Cat' indicating thai only the catal>^ic domain is presented. "Partial" in this 
column indicates that the sequence encodes a partial protein phosphatase catalytic 
domain. "Superfamily" identifies whether the gene is a dual specificity phosphatase, 
a protein tyrosine phosphatase or a serine tlireonine phosphatase. "Group" and 

20 "Family" refer to the phosphatase classification defined by sequence homology and 
based on previously established phylogenetic ( The Protein Phosphatase Factsbook . 
Nick Tonks, Shirish Shenolikar , Harry Charbonneau, Academic Pr, 2000). 
''NA length" refers to tlie length in nucleotides of the corresponding nucleic acid 
sequence. "ORE start" refers to the beginning nucleotide of the open reading fl-ame. 

25 "ORE end" refers to the last nucleotide of the open reading frame, including the stop 
codon. "ORE length" refers to the length in nucleotides of the open reading frame. 
"AA length" refers to the length in amino acids of the peptide encoded in the 
corresponding nuclei acid sequence. 
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Table 2 lists the following features of the genes described in this application: 
chromosomal localization, single nucleotide polymor]:)hisms (SNPs), representation 
in dbEST, and repeat regions. From left to right the data presented is as follows: 
"Gene Nanie^\ "lD#na". '1D#aa", ^TL/Caf\ "Superfamily^\ ''Group", "Family", 
5 "Chromosome", "SNPs". "dbEST_hits". & "Repeats". The contents of the first 7 
columns (i.e.,. "Gene Name", "ID#na", "ID#aa", "FL/Cat", "Superfamily \ 
''Group". "Family") are as described above for Table 1 . "Cliromosome" refers to the 
cytogenetic localization of the gene, hiformation in the "SNPs" column describes 
the nucleic acid position and degenerate nature of candidate single nucleotide 

1 0 polymorphisms (SNPs. "dbEST hits" lists accession numbers of entries m the 

public database of ESTs (dbEST, http:/7w^\^^ncbi. nlmjrih.gov/dbEST/index. html) 
that contain at least 100 bp of 100% identity to the corresponding gene. These ESTs 
were identified by blastn of dbEST. "Repeats" contains infonnation about the 
location of short sequences, approximately 20 bp in length, tliat are of low 

1 5 complexity and that are present in several distinct genes. These repeats were 

identified by blastn of the DNA sequence against the non-redundant nucleic acid 
database at NCBI (nnia). To be included in this repeat column, the sequence 
typically has 100% identity over its length and is present in at least 5 different genes. 
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Table 3 lists the extent and the boundanes of the phosphatase catalytic 
domains. The column headings are: "Gene Name", "lD^na\ '^lD#aa", ^TL/Cat'\ 
"Domaiii^\ 'Thos staif \ "Phos end". 'Troll le start". '"Profile end". The contents 
columns "Gene Name", "lD#na \ "ID#aa", -TL/Cat", are as described above for 

5 Table 1. "Phos Slarf', "Phos End", "Profile Stan" and "Profile End" refer to daia 
obtained using a Hidden-Markov Model to define catalytic range boundaries 
(http:/7pfam.wustLedu/mdex.html). The boundaries of the catalytic domains within 
the overall protein are noted in the "Phos Start" and "Phos End" columns. Three 
profiles were used, one for dual specificity phosphatases (DSP) which is 173 amino 

0 acids long;, one for STPs, which is 301 amino acids long; and one for PTPs, which 
is 264 amino acids long. (The profiles used aj-e descnbed m http: /pfam.wustl.edu/) . 
Protems in wliich the profile recognizes a full length catalytic domain have a 
"Profile Start" of 1 and , for the three families, the following Profile Ends: 173 for 
DSP, 301 for STPs, and 264 for PTPs. Genes which have a partial catalytic domain 

5 will have a "Profile Start" of greater than 1 (indicating that the beginning of the 
phosphatase domain is missmg, aiufor a "Profile End" of less than 261 (indicating 
that the C-termmal end of the phosphatase domain is missing). Each of the 
sequences encompasses a complete catal}4ic domain, except for SGP024, which has 
a partial catalytic domain represents amino acids 205 to 264 of the PTP profile. 
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Table 4 describes the results of Smith Watennan similarit\' searches (Matrix: 
PanilOO; gap open/extension penalties 12'2) of the amino acid sequences against the 
NCBI database of non-redundant protein sequences 

(http:/ f ^^"v^' \v . neb i . nhii . n ih . go v / En tr ez.^ proiein.html) . The column headings are: 
5 ''Gene Name \ "ID#na \ ''ID#aa \ ''F] /C^r \ ^Tamilr\ "Pscore"; -^la lengt!r\ 
'^aa_ID_match'', "%Identit}'". "%Similar", "ACC#_nraa_match". "Descnption^", 
"Query start", "Quer>^ end", "Target start", and 'Target end". The contents of 
columns. "Gene Name", "ID#na", "ID#aa", "FL/Cat", and "Family" are as descnbed 
above for Table 1 . "Pscore" refers to the Smith Watemian probability score. This 

10 number approximates the probability tliat the alignment occurred by chance. Thus, a 
very low number, such as 2.10E-64, indicates that there is a very significant match 
between the query and the database target, "aa^length" refers to the length of the 
protein in amino acids. "aa_ID_match" indicates the number of amino acids that 
were identical in the alignment. "% Identity" lists the percent of nucleotides that 

15 were identical over the aligned region. "% Similarity" lists the percent of aiiiino 
acids that were similar over the alignment. "ACC#iiraa match" lists the accession 
number of the most similar protein in the NCBI database of non-redundant proteins. 
"Description" contains the name of the most similar protein in the NCBI database of 
non-redundant proteins. "Queiy staH" refers to the amino acid number in the 

20 phosphatase ("Queiy") at which the alignment begins. "Queiy end" refers to the 
amino acid number in the phosphatase ("Query") at which the alignment ends. 
"Target stait" refers to the amino acid number in the Smith Watemian hit ("Target") 
from NR.\A at which the alignment begins. "Target end" refers to the amino acid 
number in the Smith Watemian hit ("Target") from NRAA at which the alignment 

25 ends. Note that for SGP006 there three entries, and for SGP014 tliere ai^e two 
entries. These additional rows describe different regions of alignments with 
different database "Tai^gets" (see below for detailed descriptions). 
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Table 5 shows the results of a gene expression analysis of selected 
phosphatases presented in this application using a microan-ay of cDNAs derived 
from 499 tissues and cell lines. The cDN'As were spotted on nylon and probed with 
labeled phosphatase genes, as described m Materials aiid Methods below. The 
5 phosphatase probes were PCR cloned from genomic exons. Data presentation from 
left to right is as follows: "ID": number of the sample; "Sample name''; "T/N'\ 
tumor or normal tissue; "Type", tissue of origin; 'Tissue/cell line", sample is 
derived fromi tissue or from a cultured cell line; "Notes": additional information 
about the sample; "Treatment: chemical or physical treatment of the tissue or cell 
1 0 line; ''p53" refers to the status, mutant or wild-type, of the p53 gene in the source 
samples. Nonnalized expression values are presented for each gene refeired to by 
its SGP and SEQ_ID# on the subsequent colunms. Genes represented in Table 5 
are: SGP003, SGP060, and SGP018. 

Images of the blots containing the probed tissue arrays are included. 
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Table 5- Tissue Array 
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Table 5- Tissue Array 
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Tabic (). "Multiple Tissue Blof contains i^esults of probing a Clontech 
Multiple Tissue Blot with radioactively labeled probes derived from SGP0(J2 and 
S(iP012. ']^he table lists the tissues on the blot and the values obtained for relative 
gene expression in each tissue. 
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Table 6 - Multiple Tissue Blot 
CIP02 
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EXAMPLES 

The examples below are not limiting and arc merely representative of various 
aspects and features of the present im^ention. The examples below demonstrate the 
5 isolation and charactenzation of the serine/threonine phosphatases of tlie invention. 

EXAMPLE 1 : Id entification and characterization of protein phosphatase 
genes from genomic DMA 

10 Materials and Methods 

Novel phosphatases were identified from the Celera human genomic 
sequence databases, and from the public Human Genome Sequencing project 
( http ://wAv^v .ncbi .nlm.nih. ^ov/ ) using hidden Markov models (HMMRs). The 
genomic database entries were translated in six open reading frames and searched 

1 5 against the model using a Timelogic Decypher box w^ith a Field programmable aixay 
(FPGA) accelerated version of HMMR2.1 . The DNA sequences encoding the 
predicted protein sequences aligning to the HMMR profile w^ere cxtractai from the 
original genomic database. The nucleic acid sequences were then clustered using 
the Pangea Clustering tool to eliminated repetitive entries. The putative protein 

20 pliosphatasc sequences were then sequentially run through a series of queries and 
niters to identify novel protein phosphatase sequences. Specifically, the HMMR 
identilied sequences were searched using BLASTN and Bl ASTX against a 
micku^tide and amino acid rep(rsitor\' containing k!io\\'n human protein 
phosphatases and all suhscquenl new protein phosphatase sequences as tlie\' arc 

25 identitied. I he output was parsed into a spreadsheet to facilitate elimination of 
known genes by manual inspection. Two models were developed, a '^complete'^ 
model and a ''partial" or Smith Waterman model. The partial nuHiel w as nscd to 
identifv suh-cataKlic phosphatase domains, whereas tfie complete modr-t w ns \]^,-(] 
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lis 

unique. In soinc cases the novel genes were judged to be orthologues of previously 
identified rodent or vertebrate protein phosphatases. 

Many of the sequences filed m the provisional patents did not contain the 
entire coding sequence. Extension of partial DNA sequences to encompass the full- 
5 length open-reading frame wtis carried out by several methods. Iterative blastn 
searching of the cDNA databases listed in Table 7 was used to find cDN^\s that 
extended the genomic sequences. ''LifeGold" databases are from Incyte Genomics, 
hic (hilp://w\vw. incyte. com/'). NCBI databases are from the National Center for 
Biotechnology Information (http://\v\vw.ncbi.nlm,nih,gov/ ). All blastn searches 

10 were conducted using a blosum62 matrix, a penalty for a nucleotide mismatch of- 3 
and reward for a nucleotide match of 1. The gapped blast algorithm is described in: 
Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffen Jinghui Zhang, 
Zheng Zhang, Webb Miller, and David J. Lipman (1997), "Gapped BLAST and PSl- 
BLAST: a new generation of protein database search programs". Nucleic Acids Res. 

15 25:3389-3402). 

Extension of partial DNA sequences to encompass the full-length open- 
reading frame was also earned out by iterative searches of genomic databases. The 
first method made use of the Smith- Wat emian algoritlim to caiTy out protein-protein 
searches of the closest homologue or orthologue to the partial. The target databases 

20 consisted of Genescan and open-reading frame (ORF) predictions of all human 

genomic sequence derived from the human genome project (HGP) as well as from 
Cclera. The complete set of genomic databases searched is shown in Table S. 
below . Genomic sequences encoding potential extensions were further assessed by 
blastp analysis against tlie NCBI nonredundant to confimi the novelty of the hit. The 

25 extending genomic sequences were incoiporated into the cDNA sequence after 

removal of potential introns using the Seqman program from DNAStar. The default 
parameters used for Smith-Waterman searches were as shown next. Matrix: blosmn 
62: gap-opemng penalty: 12; gap extension penalty; 2. Genescan predictions were 
made using the Genescan program as detailed m Chns Burge and Sam Karlin 


wo 


1 19 

"Prediction of Complete Gene Structures in Human Genomic DNA". JVIB ( ] 997) 
268(1 ):'^8-94). ORF predictions from genomic DNA w ere made using a standard f> 
frame translation. 

Another method for defining DNA extensions from genomic sequence used 
5 iterative searches of genomic databases through the Gcncscan program to predict 
exon splicing. These predicted genes were then assessed to see if they represented 
"real"' extensions of the partial genes based on homology to related phosphatases. 

Another method involved using the Gcnewise program 
(http:/7www,sanger.ac.uk7'Software/\Vise2/ ) to predict potential ORFs based on 
10 homology to the closest orthologue/liomologue. Genewise requires two inputs, the 
homologous protein, and genomic DNA containing the gene of interest. The 
genomic DNA was identified by blastn searches of Celera and Human Genome 
Project databases. The orthologs were identified by blastp searches of the NCBI 
non-redundant protem database (NR/VA). Genewise compares the protein sequence 
15 to a genomic DNA sequence, allowing for intr'ons and frameshifting en'oi^s. 
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TABLE 7: Databases used for cDNA-based sequence extensions 


Database 


LifeCiold templates 


LifeGold compseqs 


LifeGold compseqs 


Li fcGold compseqs 


LifeGold fl 


LifeGold nft 


NCBI human Ests 


NCBI murine Ests 


Database Date 


Oct 2000 


Oct 2000 


Oct :^.ooo 


Oct 2000 


Oct 2000 


Oct 2000 


Oct 2000 


Oct 2000 


NCBI nonredundant 
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TABLE 8: Databases used for genomic-based sequence extensions 


Database 

Celera v. 1-5 
Celera v. 6- 1 0 
Celera v. 11-14 

Celera v. 1 5 
Celera v. 16-17 
Celera Assembly 5 (R1.25) 
Celera Assembly 4 (Rl .24) 
Celera Assembly 3 (R 1.22, 
1 .23) 
HGP Phase 0 
HGP Phase 1 
HGP Phiise 2 
HGP Phase 3 
HGP Phase 0 
HGP Phase 1 
HGP Phase 2 
HGP Phase 3 
HGP Cliroinosomal assemblies 


Number of entries 

5,306.158 
4,209.f)80 
7,222,425 

243,044 

25.885 
3,313 

636.234 
1,132,900 

4,944 
28.478 
1 ,508 
9,971 
3, 1 89 
20,447 
1,619 
9,224 
2759 


Database Date 

.Ian 19/00 
Mar24/00 
Apr 24/00 
Mayl 4/00 
Api- 04/00 
Oct 1 3/00 
Aug 28/00 
.lul21/00 

May 04/00 
May05/00 
May04/00 
May05/00 
Nov 1/00 
Nov 1/00 
Nov 1/00 
Nov 1/00 
Aut: 1 '00 
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Results : 

The sources for the sequence infomiation used to extend the genes in the 
provisional patents are hsted below. For genes that were extended usmg Genewise, 
the accession numbers of the protein ortliolog ajid the genomic DNA are given. 
5 (Genewise uses the ortholog to assemble the coding sequence of the target gene 
from the genomic sequence). The amino acid sequences for the orthologs were 
obtained from the NCBI non-redundant database of proteins 

.(http://w^vw^ncbi. nlm.nih.gov/Entrez/protein.html). The genomic DNA came from 
tw^o sources: Cetera and NCBl-NRNA, as indicated below, cDNA sources are also 
1 0 listed below^ Abbreviations: HGP: Hirnian Genome Project; NCBI, National Center 
for Biotechnology Information. 

SGP006 (SEQ ID INO:l) 

The N-terminal region (T-335) was derived from Genewise predictions using 
15 Celera contig 300825903, with protein homologs gi|724295h gi|8923483 and 

gij67 14641. Genscan predictions of Celera contig 300825903 was also used. NCBI 
ESTs used to extend sequence: BE793092.1, gi|9I27446. gi|5927364, gi|8 148569, 
gij90966ia gi|10214290, gi 5927365, gi|453310Lgi 1948748, gi 201 0582, 
gi|30571, gi|2433225, gi|8152915. Inc>te sequence 339266.1 is missing exon 7 
20 (GFSVSTAGRMHIFKPVSVQAMW). Public sequence gi|7242951 ( iaAA1298) 
is missing exon 1 1 and starts near tlie beginning of exon 10. The lack of exon 1 1 
causes a frameshift and so KIAA1298 has a divergent N-terminal predicted peptide, 
reading exon 1 0 in a different frame. SGP006 is identical to KIAAl 298 over the C- 
temiinal 715 amino acids of SGP006 (amino acids 335 to 1049), 

25 

SGP006 (SEQ ID N0:1) is 6374 nucleotides long. The open reading frame 
starts at position 34 and ends at position 3183, giving an ORF length of 3150 
nucleotides. The predicted protein is 1049 ammo acids long. This sequence is full 
length (start methionine to stop codon). It is classified as 
30 (superfamily/group/family): Dual Phosphatase, DSP, MKP. This gene maps to 
chromosomal position 12q2 1.3-q22. Amplification of this clii'omosomal position 
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has been associated with the tbliow ing hiuiian diseases: Bladder carcinoma ( 1 2q2 1- 
q24. 1/16) (Knuutila. et ah). 1 his gene contains candidate single nucleotide 
polymorphisms at the following postions: 0222- R (ccaaacataagtggcacar) 
dbSNP|rs881 1 79 allele. ESTs for this gene in tlie public domain (dbLST) are; 
5 BE793092.1, AI651213.1. BE256978.1. This gene has repetitive sequence at tlie 
following nucleotide positions: Alu 5750-6010; 5750-5770. 

SGP002 (SEQ ID NO:2) 

1 0 SGP002 nucleic acid sequence was denved from Cienewisc algorithm run 

with Celcra genomic DNA 7000001 6592596 and the protein homolog gi 66791 56. 
A similar Genscan prediction gave an N-terminal extension, and comparison with 
HOP contig gi|7658297 coiTccted a frameshift in the genewise prediction. Close 
homologs are of same length. NCBI ESTs gi|7950699 and gi|760983 extend into 5^ 

1 5 and 3' UTRs respectively. Genomic sequence was used to coiTect sequence errors 
in these ES Is. NCBI EST gijl071 7958 encodes a splice variant. Incyte EST 
1026659.2 encodes an alternative splice form missing an exon which includes part 
of the phosphatase domain. Inc\le EST 1026659.7 adds inither 1 72 nucleotides of 
5' UTR to the gene, hicyle and public ESTs show expression in many tissues, most 

20 commonly digestive system, nervous system, respiratoi7 system, and male and 
female genitalia. 


nucleotides. The piedictcd prt)teiii is 665 anuno acids long. I bis sequence is full 
length (stall methionine to stop codon). It is classified as 

(supeifamily/group/family): Dual Phosphatase. DSP. VIKP. This gene maps to 
chromosomal position 12pl l.Epl2.]. Tins chromosomal position has been 
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BL897795. This gene lias l upctiiivL' s:.|ucncc at the following nucleotide positions: 
2610-2631. 

SGPOf)! (SEP ID NQ:3) 

^ Used genscan, and gencwise with Cclera contig 5000012164505, and p "o cin 

homologs gi_671464l and gi_7242951. Several public aiid Incyte FSTs were used 
to extend the gene, using genomic data to correct for FST sequence errors. They 
were: Incyle sequences: 210343.1, 210343.2, 63733 IC^Hl; and NCBl ESTs: 
gi|3S94502, gi 11 100172, gi|ll 100172, g:|4137370, gi|65G507 1. gi|68S5 1 71 , 
10 gi| 11 23262, andgi|6590412. 

SGPOOl (SEQ ID NO: 3) is 2260 nuclcoLides long. The open reading fi-amc 
starts at position 709 and ends at position 2205, giving an ORjr length of 1497 
nucleotides, ihe predicted protem is 495 amino acids long, i his sequence is full 

1 5 length (start methionine to .stop codonK It is classified as 

(supcrfamily/group/fannly): Dual Phosphatase, DSP, MKP. This gene maps to 
cliiomo-somal position Xpl 1.1-1 1.3. This chromosomal position has been associated 
v/ith the follov/ing human diseases: Prosta.e cancer (Xpl l-ql3. 1/9) and small cell 
lung cancer (Xpl 1.2, 1/13) (Knuutila, et aL i. KS i s lor this gene in the public 

20 domain (dbHS I ) are: AI27223 1. BF206586. This gene lias repetitive sequence at 
the lollowing nucleotide positions: 579-598. 

SGP018 (SEQ ID NO:4) 

The sequence for SCiPOlS is predicted irom Celera contig 6800001 77()68>9, using Genscc 
25 and gencwise with gi_73050l 1 and gi 7705959. fhe gene\N isc prediction covered most of a 

pi;tative phosphatase. The Genscan prediction overlapped and extended tlie genewise predictions, 
and abnosl all of the genscan was covered by ES i s fi'om lnc\te and dbFS f . In all cases, HS Is 
were coixected by tii^st aligning with genomic (Celera^T^GP) sequence. A splice variant predicted 
by Genscan would replace the sequence SE^IiDEALJiTYR wi ur: YCHY"' TF3CVFTS 
30 (cLa:-.qns :::: sr-quence ACTGTCATTACATCATTTTCTCTTGTGTTTTC7\TTTC -_o 
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■'^T:';A"TTv:cTC'GATGA(:;^:cacTGC']'GAVTTACAG . HST origins: Incyic sequences: 9S1 712.1, 
981712,3. 981712.2, 3(>4575. 1 . Ool OKI : . 14460S.U 76()S64S]il. 74736(i3CBl, "473604rBL 
Public bSTs, i'lckidirg: gi|6880197, g |6SS019L gi 6880141, gi;5441204, gi|5441l4^), gi|1242174, 
gi| 1 09X4357 . Cjcnsciin also predicts an altemative C terminus, where the sequence from VHLL 
5 to the C- term in us is :-cp laced by 

AIi3NSVRSTSRF3F3STREGRE?^KKFSRST^'^NETSSSRE7]3PEPYFF3^R7^PKSS.^REGS--^G 
WARyREiVJ£DVii;ii;s:zKSDFSEFGAKRKFIQFFMR33ERGRKRRTENRKEGRFASGRRS0YRRSN^ 
REEE?/EiDEAI I/J\WRRRQEETRT?:LQKRRED . 

10 1 he cDNA sequence from 544 612 is not covci cd by any hSTs Accordingly, the upsrrea 

and (lownsn*eani sequences could be different genes aiid a start at position 613 would give a peptid 
a ater start, at MLEiSAR; this would givo a protein with good homology and the same N-terminal 
length as the closest mouse homolog, PTPI 3 A possible alternative splice fonn seen by comparin 
i:icyte FSTs 061688. 1 and 7668648111 predicts a protein torm which is missing the Nterminus and 

1 5 instead starts at the se<iuence M FPEK 

SGP018 (SRQ ID N0:4) is 436: nucleotides long. The open reading frame 
starts at position 208 and ends at position 3609, giving an ORF length of 3402 
nuclcoiidiis. The prcd'c*cd protein is 1 !3^ amino acids long. This sequence is full 

20 lc:igth (start methionine to stop codon\ It is classirieci as 

(superfamily group/family): Dual Phosphatase, DSP, MKP. This gene has not l^^en 
mapped to a chromosomal position. This gene contams caml.datc single nucleotide 
polymorphisms a* fic lollow ii\L: f^ostuMis: 2^G0-V1 { aga<iga:g:c:gagtacir. i 
dhSNP ssl 7(>sw4i ; 1 u>i -s (catctacccc.:.:tgas i dbSNP ssP6594(^ I STs foi tins 

2^ gene i:i tne public domLi:i (dbhSl ) .uc: HI 7 14SiSl. 'l iiis gciic has !-C[>ctiti\c 
sequence at the following nucleotide posr.uMis: Ui('3-l()27. 

S(;P003 (SFQ in NOrS) 

S( iP003 >eL;uence \^ deriv ed trt^in ( icncw isc with ( cR"*ra coiuig 
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muscle, one each from bone and parathyroid gland. CoiTected a frameshifl in the 
sequence using HGP contig gi| 101 78266, and further extended the sequence by 5' 
walking the genomic until the tlrst stop. SGP003 has a 235 nuclcx)tide open reading 
frame preceding the stai1 codon, extending from nucleotide 3 to nucleotide 239, 
5 shown in capital letters below: 

caAGGGTTTCAGGTCGCACT'2 3A.^.ATCATTT:^GCAAGCAGATGT':ATAGG 
TCTCCTCTTAGACTGGACGG^CACGG.^AGGTCAGCGTCACASATCTGACCCTAAAAA 

tagggctctgttgccagtcggggtggctgggcgtgcgggt:-ctacatggggcacgg 
accagaj^cgtgccgacgcggccai^gcgccggcacaggcagctgcagaaaggagj^ga 

10 AAATGGCTTGGCTCTAAAdtg 

Tliis open readmg frame codes for the following peptide sequence: 

QGFCVALE1\A4FASRGHRSFLRLDGTQGQRHR3:3PKNRPLLFVGVAGRAJ\.^\TCFTD^^ 
NLPTRPGPGTFSCRKERKSLGSK 
1 5 The stall codon at position 240 conforms to tlie Kozak rule for initiating 

methionines, having an A at the -3 position. 

SGP003 (SEQ ID N0:5) is 1262 nucleotides long. The open reading frame 
starts at position 240 and ends at position 902. giving an ORF length of 663 
20 nucleotides. The predicted protein is 220 amino acids long. This sequence is full 
length (start methionine to stop codon). It is classified as 
(superfamily/gro up/family): Dual Phosphatase, DSP, MKP. This gene maps to 
chromosomal position CHRIO. This gene has repetitive sequence at the following 
nucleotide positions: 311-334. 

25 

SGP014 (SEP ID NO:6^ 

Sequence for SGP014 w^as built from Celera contig 92000005033031 using 
genscan and genewise. with protein homolog templates gi_7293532, gi_7705959 
and gi_9502074. The predicted genewise/genscan proteins were extended by 
30 overlaps with several ESTs from dbEST (AA723271, AW444890.1. AA435513.1). 
and confirmed the public sequence gi|7705959. The frill predicted peptide is 549 
AA, with full DSP domains from 37-181 and 368-541. The following NCBI ESTs 
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come from this gene: gi l 1 105857, gi;1098334. giil423340. gi|218648L gii6986652 
. gi!l0372533. gi!2186305. gi|4825H8(), gii27409()X. gii3213953, gi!243635a 
gi'2 1 40427, gi|28339 1 9. gi|5768 1 54. gi| 1 1 34009, gi|2046580, gi|48224 1 1 . 
gi,l 1 152927. The following Incyte Set[ucnces come from this gene: i 28077. U 
1384255.1, 8009838H1, 304421 CBl. Alternative splicing is very prevalent. The 
individual exons are as Ibllows: a parenthetical A A at the end of an exon is a residue 
vvhicli crosses the exons at least m the FL form* 

>Exonl :maetslpelggedkatpcf£ileleellragksscsrvdevwpnl?igd (a) 

>Exon2 : ATANNRFELWKLGTTHVIjHA.AHKGTA'CCiGGPDFYCSSVSYLGVPAHDLPDFDISAYFSSA 
ADFIHRALNTPG (A) 

>Exon3 : p:vlvhgvvgvsrsatlvlayl^:lhqrlslrqavitvrqhrwvfpnrgflhqlcr 

LD (H) 

>EXOn4 : wsllpaj^glchfatlalillvllealaqadtqkmveaqrgvgpracysiwllla 

PTPPbSHCLQSPQ 

>Exon5 : KQHQVCGDRRLKASSTNCPSEKCTAWARYSHP.W 

; Exon6 rMILVPLKIQLRRVPDSFS'COr-'.PETSYLTRVGPDIQCWFESW (G) 

>Exon7 : MDSLQKODLRRPf:iHGAVCA.SPYQPPT:uASLORLLWYRQAATLNHIDETOPSLF 

LGD (A) 

>Exon8 :yAARDPCSKLIQLGITH\^:AAA.GKFQVDTGAKFYRGMSLEYYGTE7VDDNPFFDL 
S V Y F L P V AJ? Y I RAJ'.L S V PQ ( E } 

>Exon9 : DGPIGCLFFPKGWVVQGQVA0AKLVL,PTGRVLVHCAMGVSRSATLVLAFL.M1CEN 
MTTiVEAlQTVQAHPNTCPNSGFLRQLQVT.DNRLGRETCRF 

l^SP domain 1 runs from the second half of Fxonl to the enci of ex<^n3. 
domain 2 runs from ttn\ ards the end of cxon^ to alniost the end of exon 9, 
\llernali\ c spliciiij' shown h\' F^S fs: Start of exnn 0 (hlM t-l J^'I ) is missinu m 
gii69S6652, gi|21 80305, gi| 103^2533 is missing the end of exon 8 and the beginnmg 
of exon 9 (KFQ-LPT), gi|l 1 105857 is missing exons 2. 3. 4. 6. and the beginning of 
exon 9 (FDG-GR\' ). It has a frameshift between exon 1 and 5. which may be a 
set]iiencing error, gi 2 186481 is missing exons 2. 3. 6. gi|2^4090S. gi, 2436350. 
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phosphatase domain, and is not similar to anything in the database. It could be due to 
genomic polymorphism between individuals, a repeated sequencing en'or. or 
possibly some fomi of gene regulation. These ESTs come irom testis ( 2. same 
library), prostate and cardiac, so are not a library artifact. 8009838H1 has an 

5 internal deleti on withm exon 2 from YLG SSA. 30442 ICBl is missins exons 2-6 
and has a frameshift between exons 1 and 7, and is missing start of exon 9. 
128077.1 is missing exons 2,3,6 and the start of exon 9. 

SGP014 (SEQ ID NO:6) is 1917 nucleotides long. The open readmg frame 
starts at position 31 and ends at position 1680. giving an ORF length of 1650 

0 nucleotides. The predicted protein is 549 amino acids long. This sequence is full 
length (stall methionine to stop codon). It is classified as 
(superfamily/group/family): Dual Phosphatase, DSP, MKP. This gene maps to 
cliromosomal position 10q21 .3, This chromosomal position has been associated 
with the following human diseases: Squamous cell carcinomas of the head and neck 

5 ( 10q21-q22, 2/'30) (Knuutila. et al.). ESTs for this gene in the public domain 
(dbEST) are: AA72327L AW444800.1, AA435513.1. 

SGP060 (SEQ IDNO:7) 

The sequence of SGP060 is derived from Genewise, using Celera contig 
0 65 14035_1 and protein homolog NP_057448. NCBl ESTs used to extend the 
sequence include BF207232. BF3 14818, AW9532 16.1. 

SGP060 (SEQ ID NO: 7) is 636 nucleotides long. The open reading frame 
starts at position 1 and ends at position 636, giving an ORF length of 636 
5 nucleotides. The predicted protein is 21 1 amino acids long. This sequence is full 
length (start methionine to stop codon). It is classified as 
(superfamilygroup/family): Dual Phosphatase, DSP, MKP. This gene maps to 
chromosomal position 8p 1 1. 1 -q 1 1 . 1 centromeric. This chromosomal position has 
been associated with the following human diseases: breast carcinoma (8pll-pl2, 
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8/53); non-small cell lung cancer (18pl 1.2, 2/50) (Knuutila. et al). ESTs for this 
gene in the public domain (dbliS l ) are: BF207232, BF314818, A\V953216.1. 

SGPQ08 (SEQIDNO:8) 

5 Genscan and gcncwise were done on Celera contig 78000006091415, using 

homologs gi|9910432, gi|7294466 and gi|7298988. These were verified and 
extended with public HS'l s gi|7280554. gi|6925677 and gi,6142140, and Incyte 
sequence 7475576CB 1 , I he predicted cDNA was corrected using sequence from the 
Celera contig and current liGP contigs. Comparison with non-human ESTs and 
10 public protein sequences indicate that there may be an internal start to the protein, at 
amino acid position 95 (at MONO). 

SGP008 (SEQ ID N0:8) is 1326 nucleotides long. The open readmg frame 
starts at position 1 and ends at position 990, giving an ORF length of 990 

1 5 nucleotides. The predicted protein is 329 amino acids long. This sequence is full 
length (start methionine to stop codon). It is classified as 
(superfamily 'group/family): Dual Phosphatase, DSP. STYX. This gene maps to 
chromosomal position 20ql 1 .2. This gene contains candidate single nucleotide 
polymorphisms at the following postions: 871^S (cagcagcctccgagggaaccs) 

20 dbSNP|ssl 389419. ESTs for this gene in the public domain (dbEST) are: 

AW406620.1. BF377364.1, AW593296.1. This gene has repetitive sequence at the 
following nucleolidc positions: 1251-1 2^(». 

SCP039(SFQinN():9) 

25 SGP039 is derived from Celera sequence 17000030279756. and from Incyte 

sequences 272616.1 and 7476908CB1. 

SGP039 (SEy ID NO:9) is 1083 nucleotides long. Ihe open reading frame 
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(superfamilygroup/family): Serine Phosphatase. STP, PP2r. This gene lias not 
been mapped to a chromosomal position. ESTs for this gene ni the public domain 
(dbEST) are; BE 147 139. 

5 SGP040(SEQIDNO:10) 

The sequence for SGP040 is derived from Celera sequence 1 7000091609039 
and the public sequence NM_01 8444. 1 for pyruvate dehydrogenase phosphatase. 

SGP040, PDP (SEQ ID NO:10) is 1725 nucleotides long. The open reading 
1 0 frame starts at position 1 and ends at position 1 725, giving an ORF length of 1 725 
nucleotides. The predicted protein is 574 amino acids long. This sequence is full 
length (start methionine to stop codon). It is classified as 

(superfamily/group/family): Serine Phosphatase. STP, PP2C. This gene maps to 
chromosomal position 8q21.3. This chromosomal position has been associated with 
15 the following human diseases; Mantle cell lymphoma (18q21-q23; 5/50) (Knuutila, 
et al.). ESTs for this gene in the public domain (dbEST) are: AV706533.L 
AV705571.L AV71 0801.1. 

SGP012(SEQ ID NO:ll) 

20 The sequence for SGP012 is derived from Genew^ise, using Celera sequences 

94000002120453; 142000016367225; 142000016006753, as geneomic DNA input 
and NP_03 1 981 (murine PTP-EST) as protein homolog. Incyte ESTSs that overlap 
this sequence include 1005303.1, and 7109651 3. Public ESTs which overlap with 
the sequence include AL042532.K AT381571- and AW872677. 

25 

SGP012 PTP-ESP (SEQ ID N0:1 1) is 4719 nucleotides long. The open 
reading frame starts at position 1 and ends at position 4719, giving an ORF length of 
4719 nucleotides. The genomic sequence for this gene is of fairly poor quality, i.e., 
it has not been assembleti and has apparent sequence eiTors. Thus the nucleic acid 
30 and protein sequences are partial, with gaps indicated by ''X" s in the sequence. The 
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predicted protein is 1573 amino acids long. This sequence contains tlie catalytic 
domain. It is classified as ( superfaniily 'group Tainily): Tyrosine Phosphatase. RPTP, 
PTPd. This gene has not been mapped to chromosomal position. liS'I s for this gene 
in the public domain (dbEST) are; AL()42532.1. AI38157]. AW872677. This gene 
5 has repetitive sequence at the followmg nucleotide positions: 1 305- 1 324. 

SGP024 (SEQIDNO:12) 

SGP024 is derived from Genewise using Celera 1 sequence 
142000016226692 as geneomic source and NP_002830.1 (human FTP delta) as 
10 protein honiolog. 

SGP024 (SEQ ID NO: 12) is 354 nucleotides long. The open reading frame 
starts at position I and ends at position 357. giving aji ORF length of 357 
nucleotides. The predicted protein is 1 18 amino acids long. This sequence is a 
15 partail catal>'tic domain. It is classified as (superfamily/group/family): Tyrosine 
Phosphatase, Receptor PTP. PTPdelta sub-family. 

EXAMPLE 2: Predicted Proteins 

20 SGP006. KIAA1298 (SEQ ID N0:1) encodes SEQ ID NO: 13, a protein that 

is 1 049 amino acids long. It is classified as an MKP. The phosphatase domain in 
iliis protein matches the liulden Marko\' profile [\n a MKP DSP pliosphalase iVom 
profile position 1 lo profile position n3 (full length catalytic domain). The jiosition 
dl^tlie catalytic region within the encoded protein is from amino acid 30S to amino 

25 acid 446. Tlie results of a Smith Waterman search of the public database of amino 
acid sequences (NRAA) with this protein sequence yielded the following results. 
Ihe f^-terminus ofSGPOOb (annno acid positions 322 to 1049) is ]00''„ identical to 
K I '\ A 1 ^OK i^rnfiM'n f lT^rf^ ^:micTi^l ITe <^Mt!^iit c:\v he ^nmmnr' /ed f(>ll(n\'t- P- 


BAA92536.1; the name or description, and species, of the most similar protein in 
NRAA is: KIAA1298 protein [Homo sapiens]. The region N-terminal to this 
identity with KL\A1298 is novel - for amino acids 120 to 477. the results of a Smith 
Waterman search of the public database of amino acid sequences (NRAAj yielded 
5 the following results: P-value - 1 .50E-99: number of identical amino acids - 24S: 
percent identity = 46%; percent similarity - 59%: the accession number of the most 
similar entry in NRA A is BAA89534.1 ; the name or description, and species, of the 
most similar protein in NRAA is: MAP kinase phosphatase [Drosophila 
melanogaster]. The N-terminal sequence of SGP006, from amino acid 1 to 263, is 

10 also novel, and the results of a Smith Watemian search of the pubhc database of 
amino acid sequences (NRAA) w'ith this protein sequence yielded the following 
results: P-value = 6.80E-58; number of identical amino acids =119; percent identity 
= 41 %; percent similarity = 59? o; the accession number of the most similar entiy in 
NRi\A is NT_060327.1; the name or description, and species, of the most similar 

15 protein in NRAA is: Hypothetical protein FLJ20515 [Homo sapiens]. 

SGP002 (SEQ ID N0:2 ) encodes SEQ ID NO: 14, a protein that is 665 amino 
acids long. It is classified as an MKP. The phosphatase domain in this protein 
matches the hidden Markov MKP/DSP phosphatase domain from profile position 1 

20 to profile position 173 (full length catah^ic domain). The position of the catal^^ic 
region w^ithin the encoded protein is from amino acid 158 to amino acid 297. The 
results of a Smith Waterman search of the public database of amino acid sequences 
(NRAA) with this protein sequence yielded the following results: P-vahie ^ I.IOE- 
157; number of identical amino acids = 304: percent identity = 46%; percent 

25 similarity = 60%; the accession number of the most similar entry in NUAA is 

NP__004411.1: the name or description, and species, of the most similar protein in 
NRiV^\ is: dual specificity phosphatase 8 [Homo sapiens]. This protein contains a 
Rhodanese-like domain (amino acids 11 to 131 ). The rhodanese domain has been 
associated with thiosulfate: cyanide sul furtransferase (EC 2.8. 1.1) activity. The 

30 presence of this domain may indicate that SGP002 is regulated in response to the 
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cellular redox environment (Nandi ct al., //// J BiochcDi Cell Biol 2000 
Apr:32(4):465-73; Rhodanese as a ihioredoxin oxidnsr) 

SGPOOl (SliQ ID N0:3) encodes SEQ ID NO: 15. a protein that is 498 ammo 
5 acids long. It is classified as an MKP. rhe phosphatase domam in this protein 
matches the hidden M^irkov profile for a MKP/'DSP phosphatase domain from 
profile position 1 to profile position 173. The position of the catalytic region within 
the encoded protein is from amino acid 307 to amino acid 441 . The results of a 
Smith Waterman search of the pubhc database ot amino acid sequences (NRAA) 
1 0 with this protein sequence yielded the following results: Pscore ^ 8.30E-1 33; 

number of identical amino acids = 250; percent identity 47%; percent similarity ^ 
60%; the accession number of the most similar entry in NRAA is BAA89534.1 ; the 
name or description, and species, of the most similar protein in NRAA is: MICP 
[Drosophila melanogaster]. 

15 

SGP018 (SEQ ro N0:4) encodes SEQ \D N0:16, a protein that is 1 133 
amino acids long. It is classified as an MKP. The phosphatase domain in this 
protein matches the hidden A4arkov profile from profile position 
MICPTDSPphosphatase domain from profile position 1 to profile position 173. The 

20 position of the catalytic region within the encoded protein is from amino acid 185 to 
amino acid 330. The results of a Smith Waterman search of the public database of 
ammo acid scciueiicos (NRAA) w itli this protein sequence \iclded the foltowinu 
rcsuhs: P-\ aluc 2.20[; -2'': number of identical ammo acids ^0; [kmccui uleiilil\ 
45%: percent similarity =^ 63*^o: the accession number of the most similar entrw in 

25 NRAA is NP_()5744S. 1 ; the name or description, and species, of the most similar 
protein in KRy\A is: Protein phosphatase fOC5]207 [Homo sapiens]. 

S^rPOn^^ (SFO id NO-^) encoder Sf:n ID NO- p. a nrc^tcm fh:it nn^inn 
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domain from profile position 1 to profile position 173. The position of the catalytic 
region within the encoded protein is from amino acid 54 to amino acid 199. The 
results of a Smith Waterman search of the public database of amino acid sequences 
(NRAA) with this protem sequence yielded the following results: P-value 3.40E- 
5 54: number of identical amino acids ~ 91 : percent identit\^ - 49°;,: percent similarity 
= 68*? o; the accession number of the most similar entiy in NRAA is NP 057448.1; 
the name or description, and species, of the most similar protein in NRAA is: 
Protein phosphatase LOC51207 [Homo sapiens]. 

10 SGP014 (SEQ ID NO:6) encodes SEQ ID N0:1 8. a protein that is 549 ammo 

acids long, with two phosphatase domains. Both domains in this protein match the 
hidden Markov profile for an MKP/T)SP phosphatase profile from position 1 to 
profile position 173 (full length). Both DSP domains are similar, with best hits to 
gi|7705959 (human; partial of this gene), and DSP13 from mouse. The position of 

1 5 the catalytic regions within the encoded protein are from amino acid 37 to amino 

acid 181 fbr the N-terminal domain, and from 368 to 520 for the C-temiinal domain. 
The results of a Smith Watemiaii search of the public database of amino acid 
sequences (NTIAA) with this protein sequence yielded the following results: for 
amino acid 324-549, P-value = 7.50E-122; number of identical amino acids - 1 98; 

20 percent identity - 88%; percent similarity = 88%; the accession number of the most 
similar entiy in NRAA is NP_057448T ; the name or description, and species, of the 
most similar protei n in NRAA is: Protein phosphatase LOC5 1207 [Homo sapiens]. 
For amino acids M98, the results of a Smith Waterman search of the public 
database of amino acid sequences yielded the following results: P-value = 8.20E- 

25 36; number of identical amino acids = 75; percent identity = 45%; percent similarity 
= 65%: the accession number of the most similar entry in NRvVA is NP_00408 1.1; 
the name or description, and species, of the most similar protein in NR.A\ is; Dual 
specificity phosphatase 3 [Homo sapiens]. 
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SGF06(J (SHQ li) N0:7) encodes SEQ ID NO: 19. a protein that is 21 1 
amino acids long. It is classified as an MKP,. The phosphatase domain in this 
protein matches the hidden Markov profile for MKP/DSP phosphatase tVoni profile 
position 1 to profde position 173 (full length). The position of the catalytic region 
5 within the cncodai protein is from amino acid 61 to amino acid 204. The results of 
a Smith Watenriaii search of the public database of amino acid sequences (NRAA ) 
with this protein sequence yielded tJie follow^ing results: P-value - 1 .lOE-48; 
number of identical amino acids = 86: percent identity ^ 53%: percent similarity = 
72%: the accession number of the most similar enti^ in NRAA is NP 057448.1 ; the 
10 name or description, and species, of the most similar protein in NRAA is: Protein 
phosphatase LOC51207 [Homo sapiens]. 

SGP008 (SEQ D3 N0:8) encodes SEQ ID NO:20, a protein that is 329 amino 
acids long. It is classified as an MKP. /'STYX. . The phosphatase domain in this 

15 protein matches the hidden Markov profile from profile position 

MKP/DSPphosphatase domain from profile position 1 to profile position 173. The 
position of the catalytic region within the encoded protein is from amino acid 98 to 
amino acid 235. The results of a Smith Watennan search of the public database of 
amino acid sequences (NRAA) with this protein sequence yielded the following 

20 results: P-value - 4.40E-1 72; number of identical amino acids = 260; percent 

identity = 92%; percent similarity - 92%; the accession number of the most similar 
entry in NRAA is ("AClOQOS.l : the name or description, and species, til^ihc most 
similar [M-otein in NRAA ts: Wn el jimlein |ll(imo sapiens]. 

25 SGP039 (SEQ ID N0:9) encodes SEQ ID NO:21 . a protein that is 360 

amino acids long. Tt is classified as : PP2C. . 1 he phosphatase domain in this 
protein matches the hidden Marko\' proille from prolile position 1 to prolile position 
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sequence yielded the following results: P-\^a]ue = 1 .OOE-106: number of identical 
amino acids ^ 164: percent identity = 98%; percent similarity = 99%: the accession 
number of the most similar entry in \RiV.\ is AAD 1 7235. 1 ; the name or 
description, and species, of the most similar protein in NT^AA is: PP 2C [Mus 
5 musculusl. 

SGP040. PDF (SEQ ID NO: 10) encodes SEQ ID NO:22- a protein that is 
574 amino acids long. It is classilied as : PP2C. The phosphatase domain in this 
protein matches the hidden Markov profile from position 1 to position 301 . The 

10 position of the catal>^ic region within the encoded protein is from amino acid 209 to 
amino acid 497. The results of a Smith Watennan search of the public database of 
amino acid sequences (NRAA) with this protein sequence yielded the following 
results: P-value = 0; number of identical amino acids - - 574; percent identity 
100 / o; percent similarity ^ 100%; the accession number of the most similar entiy in 

1 5 NRAA is NP_0609 14. 1 ; the name or description, and species, of the most similar 
protein in NTIAA is: Pyruvate dehydrogenase phosphatase [Homo sapiens]. 

SGP012 PTP-ESP (SEQ ID N0:1 1) encodes SEQ ED NO:23, a protem that 
is 1573 amino acids long. It is classified as: PTP, delta phosphatase-like. . The 

20 phosphatase domain in this protein matches the hidden Markov profile for a PTP 
phosphatase, from profile position 1 to profile position 264 (flill length catal>^ic). 
The position of the catalytic region within the encoded protein is from amino acid 
1010 to 1259. The results of a Smith Watennan search of the public database of 
amino acid sequences (NRAA) with this protein sequence yielded the following 

25 results: P-value = 0: number of identical amino acids - 1053; percent identity - 
60%: percent smiilarity = 70%: the accession number of the most similar entrv in 
NRAA is NP_03 1 98 1 . 1 : the name or description, and species, of the most similar 
protein in NRAA is: Embryonic stem cell phosphatase [Mus musculusj. This 
protein contains five fibronectin domains at :amino acid positions 35-120; 128-208: 

30 390-47 1 ; 484-558: 668-748. Gaps with the sequence are indicted by ^XXX \ 
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SGP024 (SIiQ ID NO: 12) encodes SEQ ID NO:24. a protein that is 1 18 
amino acids long. It is classifiai as a PTP. related to P TP delta. I he phosphatase 
domam in this protein matches the hidden Markov profile for a PTP from profile 
5 position 205 to profile position 264 (this is a partial catalytic domain, representing 
the C-temiinal region). The position of the catalytic region within the encoded 
protein is from amino acid 3 to mn'mo acid 58. The results of a Smith Watennan 
search of the public database of amino acid sequences (NRAA) with this protein 
sequence yielded the following results: P-value ^ 5,90E-54; number of identical 
1 0 amino acids = 90; percent identity =^ 76%; percent similarity = 82%; the accession 
number of the most similar entry in NRAA is CAA38068.1 ; the name or description, 
and species, of the most similar protein in NRAA is: Protein-tyrosine phosphatase 
delta [Homo sapiens]. 

1 5 EXA MPLE 3. Expression analysis of Novel Mammalian Protein Phosphatases 

fhe gene expression patterns for selected genes were studied using two 
tecliniques: 1 ) a tissue microarray developed at Sugen. containing 499 tissues and 
probed with labeled genes; and 2) a commercial an-ay of tissue fi'om Clontech, 
20 probed with labeled genes. 
1 ) Tissue Arrays 

"cDNA libraries" deriv ed Ironi a \ anet\' of sources w ere mimobili/ed onto 
nxTm membranes and probed u ith 32P-hibelcti cHNA fragmenis den\ e<l from the 
Lienels) of interest. The sources ofRXA are listed in Table 3. The\' are: ] ) Biochain 
25 Institute (lla>^vard. CA : htt p :^ /w ww.bio chain. com niain^3 .html ): 2) Clontech (Palo 
Alto. CA. http :/Avww . ciontech.com/ ): 3) mammalian cell lines used by the National 
Cancer Institute (NCI) Developmental Therapeutics Program (iittp; dip.nci.nili.jjox ; 
ran bo ordered fVoni \TCC- bltp- ' ^aww airr <ir'^ Vat:!'n"^ titmM' 41 f\'itlv\';^<>n:itoc; 
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treated with compounds to evaluate their effects on gene expression. Iliere were 
eight treatments: 1 ) control 2) low sereum. 3) 200uM mnnosine, 4) 3mM HU, 5) 
2uM AIJR2 inhibitor,6) lOuM cisplatin. 7) 400 ng/ml nocodozole-24 hours, and 8) 
400 ng/ml nocodozole-48 hours. 'The treated cell lines are listed by cell line name 
5 followed by a number from 1 to 8. 
1. 

''cDNA libraries" derived from over 450 tissue or cell line sources were 
immobilized onto nylon membranes and probed with 32P-labeled cDNA fragments 
derived from the gene(s) of interest. To make the cDNA, total RNA or mRNA was 
0 used as template in a reverse transcription reaction to generate single-stranded 

cDN As (ss cDNA) that were tagged with specific sequences at each end. An oligo 
dT primer containing a specific sequence (CDS: 

.\yVGCAGTGGTAACAACGCAGAGTACT30VN (V=A,G.C N=A,G,C,T)) anneals 
at the polyA track at the 3' end of the mRNA and the reverse transcriptase (MMLV 

5 Rnaself ) transcribes the antisense strand until it reaches the end of the RNA strand 
when it adds additional C residues. If a primer (SMII: 
AAGCAGTGGTAACAACGCAGAGTACGCGGG or ML2G: 
AAGTGGCAACAGAGATAACGCGTACGCGGG) ending with 3 Gs is added, it 
aimeals to the added Cs and the MMLV recognizes the rest of the primer sequence 

0 as template and continues transcription. As a result, the synthesized cDlMAs contain 
specific sequence tags at both the 5' and the 3' end. When the 5^ and the 3' ends are 
tagged with the same sequence (CDS and SMII) it is refen'ed to as "symmetric". 
Wlien the 5' end is tagged with a different sequence than the 3' end (CDS and 
ML2G) is refened to as "asymmetric". A double-stranded "cDNA libraiy " is then 

5 generated by PCR amplification using the 3TCR and ML2 primers (3 ' PCR: 
vVAGCAGTGGTAACAACGCAGAGT and ML2: 

A.AGTGGCAACAGAGATA ACGCGT) that aiineal to the added sequence tags. 

The amplified "cDNA libraries" were manually an'ayed onto nylon 
membranes with a 384 pin replicator. The DNA was denatured by alkali treatment, 
0 neutralized and cross-linked by UV light. The arrays were pre-hybridized with 
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Express Ilyb (Clontech) and hybridized with ' P labeled probes generated by 
random hcxanier priming of cDNA fragments corresponding to the genes of interest. 
After washing, the blots were exposed to phosphorimaging cassettes and the 
intensity of tl)e signal was quantified. The amount of the DNA on the arrays was 
5 also quantified by treating non-denatured or denatured arrays with Syber Green 1 or 
Syber Green II respectively (1 : 100.000 in 50mM Iris. pH8.0) for 2 minutes. After 
washing with 50m \4 I ris, plI8.0, the fluorescent emission was detected with a 
phosphorimager (Molecular lOynamics ) and quantified. The amount of the arrayed 
DNA was used to nonnalize the hybridization signal and the con^ected values are 
10 tabulated m Table 5. 

Statistical Methods : 

The tissue array data for tlie 3 phosphatases w^ere standardized for statistical 
15 analysis across the different tissue types using range standardization. 

Standardization converts measurements to a common scale. We used range 
standardization, which subtracts the smallest \ alue of each variable from each value 
and divides by its range. The new scale starts at 0 and ends at 1 .0. The following 
statistical procedures were implemented on the standardized data: generation of 
20 descriptive statistics, graphical visualization, hierarchical and k-means cluster 
analysis (at 10, 7, and 5 clusters), and comparison of groups using analysis of 
\ariancc (AN()\ A). W'licn I issuc-spcci 1 ic dala were present for both nonnal and 
nimor samples, the t^^ o gnnips were duectlx compai ed for (old dilTcrences. All 
statistical analyses were carried out separatelv for the sytntnetric anti asMnmetric 
25 tissue array laboratory methods because we know from experience with past data 
that gene expression is dependent upon the method used. All statistical analyses 
were carried out using S^'STAT ').01 ((/opvright < lOqg by SPSS. Inc.). 


wo (II 4(>3')4 


P( I 1 SOO 34^36 


140 


Table 9. Fold tiifrerence in mean expression between norma] liaman tissue 
and cancer cell lines, and between and nonnal tissue and tumor samples. 






Normal vs. Tumor 

CDNA 

Gene 

Tissue vs. Cell 
Line 

Pooled 

Within Cell 
Line 

Within Tissue 

Symmetric 

SGP003 

23.02 

28 

6.26 

10.92 

Symmetric 

1 

SGP060 

2.86 

2.67 

-1.92 

0 

Symmetric 

SGP018 

2.25 

2.33 

2.4 

-1.32 

Asymmetric 

SGP003 

+2.33** 

1.37 

1.19 

-1.03 

Asymmetric 

SGP060 

+2.38**** 

1.08 

-2.06 

-1.26 

Asymmetric 

SGP018 

1.01 

1.51*** 

-1.43* 

-1.72** 


• (ANOVA F, p < O.IX (ANOVA F, p < 0.05), (ANOVA F, p < 0.01), 


5 • (ANOVA F, p < 0.0001) 

Symmetric: [n = 41 (tissue), 66 (cell line), 4 (noiTnal cell line), 62 (tumor cell 
line), 40 (nonnal tissue), and 1 (tumor tissue)]. 

Asymmetric: [n- 1 12 (tissue), 262 (cell line), 43 (normal cell line), 219 
(tumor cell line), 49 (normal tissue), and 63 (tumor tissue)]. 

0 

Discussion 
1 SGP003 (SEQ ID NO:5) 

• This gene was obsen'ed to express consistently higher in tissue samples (as 
5 versus cell-line samples) and in nonnal samples (as versus tumor samples) in 

both the symmetric cind as>amnetric methods. We obser\^ed much higher fold 
differences in the symmetric method than in the asymmetric method (Table 9), 
but because of inadequate sample size and large variation in the data, we did not 
find the difference to be statistically significant in the synnnelric method. On the 
0 other hand, the fold difference of 2.33 bet^veen the tissue ^md cell-line samples in 

the as\nnmeti-ic method was statistically significant at p < 0.05. Because this 
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phosphatase is expi'esscd higher in nomial than in tumor samples, ii ma\' play a 
role in tumor suppression. Highest le^'els ofexpression of this gene were 
obsen^ed in the normal samples, particularly those drawn from brain, fetal brain, 
fetal kidney, and glandular tissues such as the pituitary and adrenal gland. We 
5 did obsen'e some relatively high levels ofexpression in a few tumor samples 

(lymphoblastoma, neuroblastoma, melanoma, lung, colon, breast, and renal 
tumors). Selected clusters and their rankings according to levels ofexpression 
for this phosphaUise are listed below: 

10 (S}anmetric dat-a) 

Cluster ranking by highest mean expression: 

• Cluster 1 (singleton). NORMAL GROUP: heart sample (tissue). 
15 • Cluster 2 (singleton). NORMAL GROUP: spinal cord (tissue). 

• Cluster 3 (8 members). NORMM. GROUP only: colon (stomach tissue), colon 
(small intestinal tissue), mammary epithelial cells (cell line), spleen (heme 
tissue), lymph node (heme tissue), fetal lung (tissue), fetal brain (neural tissue), 
and prostate (tissue). 

20 

(Asymmetric data) 

duster ranking by highest mean exprcssi<Mi: 

25 • C:iuster 1 (singleton). NORMAL GROUP: adrenal gland (tissue). 

• Cluster 2 (3 members). NORiMAL GROUP: thymus (heme tissue). TUMOR 
(iROL'P: lung carcinoma (cell line), and a neuro sample ( tissue). 

. \ ()}} M s I / fM>» 
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line), breast (cell line), unknown (cell line), breast (cell Hne). HNS (tissue), 
endothelial (cell line), endothelial (cell line), prostate (tissue), kidney (tissue), 
and renal adenocarcinoma (cell line). 

5 2 SGr060(SEOTr>NO:7) 

• The highest expressers in the asymmetric method were tumor samples. Although 
they represented different iypes of tumors, w^e observ'ed consistently very high 
expression in various lung cancer samples. This gene may be an oncogene 

1 0 important in lung cancer, in normal tissues, it expressed highest in brain tissue 

samples and in fetal kidney. Selected clusters and their rankings according to 
levels of expression for this phosphatase are listed below: 

Cluster ranking by highest mean expression (Asymmetric data): 

15 

• Cluster 1 (2 members). TLfMOR GROUP only: lung (tissue) and lung 
carcinoma (cell line). 

• Cluster 2 (3 members). TUMOR GROUP: lung (dssue) and ovar\^ 
adenocarcinoma (cell line); and NORMAI. GROUP: prostate (tissue). 

20 • Cluster 3 (3 members). TUMOR GROUP only: lung (tissue), neuroblastoma 
(tissue), and colon carcinoma (cell line). 

• Cluster 4 (8 members). TUMOR GROUP: MG (tissue), smc (cell line), 
glioblastoma (cell line), lung large cell carcinoma (cell line), END (tissue), 
primary renal cell carcinoma (cell line), and lung (tissue); and NORMAL 

25 GROUP: brain (tissue). 

• Cluster 5 ( 10 members). TUMOR GROUP: lung (tissue), malignant melanoma 
metastasis to lung (cell line), colon adenocarcinoma (cell line), renal (cell line), 
unknowMi sample (MK ploy A breast (cell line), renal primaiy clear cell 
carcinoma metastasizing (cell line), ovan.' (tissue), and neuroblastoma 

30 (keratinocyte cell line); and NORMAU GROUP: fetal kidney (tissue). 
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3 SGP018(SEQIDNO:4) 

• According to the asymmetric method, this gene expresses higher in tumor 
5 smnples (as x'ersus the normal samples) and this pattern was consistent and 

statistically significant for pooled, within tissue, and within cell-line samples 
(Table 9). This gene expresses very highly across a broad range oftunior t>pes, 
and may be particularly important in gliobkistoma and ovaiian cancer. Like 
RAP, this phosphatase may be a good target as a marker and iji therapeutics. 

10 

Cluster ranldng by highest mean expression (Asymmetric data): 

• Cluster 1 (singleton). TUMOR GROUP: neuro (tissue). 

• Cluster 2 (3 members). TUMOR GROUP only: HNS (tissue), renal 
15 adenocarcinoma (cell line), and ovary (cell line). 

• Cluster 3 ( 5 members). TUMOR GROUP only: malignant melanonicu 
metastasis to lung (cell line), colon (cell line, treated with 3 mM HIJ), ovary (cell 
line, treated with 10 uM cisplatin), neuro (cell line, treated with 10 uM cisplatin), 
and PML peripheral blood, promyelocytic leukemia (cell line). 

20 • Cluster 4(11 members). TUMOR GROUP: a^on (cell line, treated with 1 0 uM 
cisplatin), breast (cell line), endothelial cells (cell line, treated with IIeLa25X 
l)I:f MLS for hypoxia, 4 hours), unknown sample (unknown), ccr\'ical (cell 
line, trcalctl with 400 ng ml noco-4S hours), kidne\' (tissue), lung ( tissue), luiiv 
(tissue), endothelial cells {cell line), and lung (tissue): and NOF^ALAL GROUP: 
25 nLT\^nC (cell line, treated with 10 mn PDGF stimulation). 

Cluster 5 (27 members). TUMOR GROUP: kidney carcinoma (cell line), 
lung (tissue), neuro (cell line, treated with 10 uM cisplatii]), lung (tissue), bone (cell 
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AI;R2 inhibitor), breast (cell line, treated with nonnal/10% FBS), breast (cell line, 
treated with 2 uM AL'R2 iiiliibitor), breast (cell line, treated with 200 iiM 
mimosine), bone (cell line, treated with low serim/0.t% FBS). colon (cell line- 
treated with 10 uM cisplatin), cenical (cell line, treated with low serim/0.1% FBS), 
5 endothelial cells (cell line), kidney (tissue), pancreas (tissue), and renal (cell line): 
NORMAL GROUP: endothelial cells (cell line, treated with IIUVEC VEGF^5416- 
24 hours), lung (tissue), endothelial cells (cell line. HUVEC unstimulated/control), 
and stomach (colon tissue). 

0 2) Multiple Tissue Expression blots (MTE) 

MTE (Multiple Tissue Expression) blots were obtained from 
Clontech Laboratories. Inc (see table 6). These blots contained 84 aixayed cDNA 
samples derived from nonnal human tissue and human cell lines, and controls. The 
expression blots were prehybridized with ExpressHyb hybridization solution 

5 (Clontech Laboratories) containing 0. 1 mg/ml denatured salmon sperm DNA at a 
temperature of 65 C for two hours. Radioactive DNA probes were prepared using 
the Random Pnming DNA labeling kit (Roche). Purified DNA fragments ( 1 00 ng) 
were labeled with 250 uCi of 32P-labeled dCTP for 45 minutes using the kit 
protocol. Unincorporated nucleotide was removed through the use of a spin column 

0 (ProbeQuant G50 micro columns, Amersham Pharmacia, Inc.). After denaturation 
by boiling for three minutes, the probe was introduced into the prehybridization 
solution, and the blot was hybridized at 65 C for 20 hours. The blot was 
subsequently washed four times for 15 minutes each at 65 C in a solution 
containing 15 mM NaCl, 1 .5 niM Na;Citrate. 0. 1% sodium lauryl sulfate (SDS) and 

5 exposed to the phosphoimager screen for quantitation. 

RESULTS 

SGP012 (SEQ ID NO: 1 1, encoding SEQ ID NO:23) is expressed at the 
highest levels in the following tissues: testis: cerebellum, right: colon, descending: 
0 cerebellum left; lymph node; Burkitt's lymphoma; Daudi; and mammary gland. 
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This pattern ofexpression suggests that SGP012 ma>' play a role in diseases of the 
central nena")us system (cerebellum exprssion), in ininnme system disease (the 
lymph node, Burkitt's lymphoma, and Daudi are all immune system tissues), or 
breast cancer (from expression in mammary tissue). 

5 

SGP002 (SHQ ID N0:2, encodmg SEQ ID NO: 14) is expressed at the 
highest levels in the following tissues: adrenal gland; placenta; prostate; salivar>^ 
j^bind: mamary gland: pituitary gland. Rxpression in tlie prostate and breast ma^ 
indicate a role for this phosphatase in cancer of these tissues. Expression in the 
10 adrenal gland may indicate a role in metabolic processes conlroled by that gland, 
such as stress response. 

EXAMPLE 4: Chromosomal Locali/ation of Mammalian Protein Phosphatases 

Several soiu-ces were used to find information about the chromosomal 
1 5 localization of the genes in the present invention. Fii'st. the accession number for the 
nucleic acid sequence was used to query the Unigene database. The site containing 
the Unigene search engine is: http://www.ncbi.nlm.nih.gov/UniGene/Hs.Home.html. 
Information on map position within the Unigene database is imported from several 
sources, including the Online Mendelian Inheritance in Man (OVriM, 
20 http://www.ncbi. nlm.nih.gov/Ominv'searchomim. html). The Genome Database 
{http: "gdb.infohiogcnTrgdb' simpIeSearch.html ), and the Whitehead 
Institute human phvsical map (http: carbon, \vi.mit.edu;8000 cgi- 
biir coiitig sts into/database release). If Linigene has not n^ippcd the 1:ST, then the 
nucleic acid for the gene of mterest is used as a quer>' against databases, such as 
25 dbsts and htgs (described at 

htlp:- wwxvjicbi jilinjuh.g databases.html) containing sequences 

that have been mapped already. The tnicleic acid sequence is searched tismg 
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OMIM with the cylogenelic location. OMIM maintains a searchable cataloi^ of 
cytogenetic map locations organized by disease. A thorough search of available 
literature for the cytogenetic region is also made using Medhne 
(http:/7m\^\ncbi.nhiiJiih.gov/PubMed/medlineJitml^ References for association of 
5 the mapped sites with chromosomal abnonnalities found in hnnian cancer can be 
found in: Knuutila, et al.. Am J Pathol 1998, 152:1 107-1 123. The results are 
discussed in the Section on Nucleic Acids above. 

EXAMPLE 5: Candidate Single Nucleotide Polymo r phisms (SNPs) 

10 

Materials and Methods 

The most common variations in human DNA are smgle nucleotide 

polymorphisms (SNTs), which occur approximately once ever>^ 100 to 300 bases. 
Because SNPs are expected to facilitate large-scale association genetics studies, 

15 there has recently been great interest in SNP discovery and detection. Candidate 

SNPs for the genes in this patent were identified by blastn searching the nucleic acid 
sequences against the public database of sequences containmg documented SNTs 
(dbSNP. at NCBL http:/Aww jicbi.nlnijiih.gov/SNP/snpblastpretty.html) dbSNP 
accession numbers for the SNP-containing sequences are given. SNPs were also 

20 identified by comparing several databases of expressed genes (dbEST, NRNA) and 
genomic sequence (i.e., NRNA) for single basepair mismatches. The results are 
show^n in Table 2, in the column labeled ''SNPs". These are candidate SNPs - their 
actual frequency in the human population was not detennined. The code below is 
standard for representing DNA sequence: 

25 

G = Guanosine 
A ^ Adenosine 
T = Thymidine 
C ^ Cytidine 
30 R - GorA, puRine 

Y = C or T, pYrimidine 
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K = G or T. Keto 

\V - AorT, Weak(2U-bonds) 

S - C or G. Strong (3 11-bonds) 

M - AorC.aMino 

5 B = C- G or T (i.e., not A) 

D - A, G or T (I.e., not C) 

H = A, Cor T (i.e., not G) 

V - A, C or G (i.e., not T) 

N = A, C, G or T, aNy 

10 X - A, C, GorT 

complementary G A T C R Y W S K M B Y D H N X 

Strands C T A G Y R S W M K V B H D N X 

15 

For example, if two versions of a gene exist, one with a ''C" at a given 
position, and a second one with a 'T: at the same position, then that position is 
represented as a Y, which means C or T. In table L for SGP002, the SNP column 
says "1 165^R'' . which means that at position 1 165, a polymoiphism exists, with 
20 that position sometimes containing a G and sometimes an A (R represents A or G). 
SNTs may be important in identifying heritable traits associated w^'th a gene. 

Results 

SGr006 Ikis a sin<j;le nucleotide polymorphism at position 6222 o222 
25 (ccaaacataagtggcacar). The dbSNl^ accession number is rs88 1 1 79. This SNP occurs 
in the 3" untranslated region. 
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acid, when niicleotitle 540=0; or amino acid 183 can be an aspartic acid, when 
nucleotide 549=C. This change is fairly conservative, since both amino acids are 
acidic, but could alter the biology of the enzyme. A second SNP is silent: 2929=M 
(agaagatgtctgagtacm) dbSNP|ss 1765941, results m a Glycine at amino position 977 
5 with either a C or A at lhal position 

SGP008 has a single nucleotide polymorphism at position 871 : 871 -=S 
(cagcagcctccgagggaaccs). The accession number for this SNP in dbSNP is 
ss 13 8941 9. This is a non-silent change, with position 291 either a valine, when 
10 nucleotide 871 ^ G, or a leucine, w^hen nucleotide 871 ^ C. This change could alter 
the biology of the enzyme. 
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EX.\AIPLE 6: Isolation of cDNAs Encoding Mammalian Protein Phosphatase s 

Materials and Method s 

Identification of novel clones 
? Total RKAs are isolated using the Guanidine Salts/Phenol extraction 

protocol of Chomczynski and Sacchi (P. Chomczviiski and N. Sacchi, AnaL 
Biocheni. 162, 156 (1987)) from primary human tumors, nonnal and tumor cell 
lines, normal human tissues, and sorted human hematopoietic cells. These RhiAs 
are used to generate single-stranded cDNA using the Superscript Preamplification 

10 System (GIBCO BRL, Gaithersburg, MD; Gerard. GF ct uL (1989), FOCUS 1 1, 66) 
under conditions recommended by the manufacturer. A t>T3ical reaction uses 10 \xg 
total RNA with 1 .5 ),ig oligo(dT)i2-is in a reaction volume of 60 |iL. The product is 
treated with RNaseH and diluted to 100 with FhO. For subsequent PGR 
amphfication, 1-4 \xL of this sscDNA is used in each reaction. 

15 Degenerate oligonucleotides are synthesized on an Applied Biosystems 3948 

DNA synthesizer using established phosphoramidite chemistry, precipitated with 
ethanol and used unpurified for PGR. These primers are derived from the sense and 
antisense strands of conserved motifs within the catalytic domain of several protein 
phosphatases. Degenerate nucleotide residue designations are: N = A, C, G, or T; R 

20 = A or G; Y - C or T; H = A, C or T not G; D - A, Ci oi* T not C^; S = C or G; and W 
-A orT. 

reactions arc pcrlormcd usiuu degenerate primers applied to multiple 
sin*_^,le-stran(le(l (^f^NAs, The primers arc added at ;i linal ct^ncentration or5 uM 
each to a mlxmre conlammg lU niM I risHGi, pll 8.3, 5() mM KGL 1 .5 mM MgGl;, 
25 200 each deoxynucleoside triphosphate, 0.001% gelatin. 1 .5 L' AmpliTaq DNA 
Polymerase (Perkin-Elmer Cetus), and 1-4 uL cDNA. Following 3 min denaturatioii 
at 95 ' (\ the cxcling conditions are 94"(; for 30 s, 50 ' G for 1 min. and "2 'G for 1 
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Colonies are selected for mini plasmid DNA-preparations using Qiagen 
columns and the plasmid DNA is sequenced using a cycle sequencing dye- 
terminator kit With AmpliTaq DNA Polymerase, FS (ABL Foster City, CA). 
Sequencing reaction products are run on an ABI Prism 377 DNA Sequencer, and 
5 analyzed using the BLAST alignment algorithm (AltschuL S.F. et ai, j.Mol.Biol. 
215; 403-10). 

Additional PCR strategies are employed to connect various PGR fragments 
or ESTs using exact or near exact oligonucleotide primers. PCR conditions are as 
described above except the annealing temperatures are calculated for each oHgo pair 
1 0 using the fonnula: Tm - 4(G+C)+2(A+i;). 

Isolation of cDNA clones: 

Human cDNA libraries are probed with PCR or EST fragments 
corresponding to phosphatase-related genes. Probes are '^P-labeled by random 

15 priming and used at 2x10^' cpm/mL following standard tecliniques for library 

screening. Pre-hybridization (3 h) and hybridization (overnight) are conducted at 42 
^C in 5X SSC, 5X Denhart's solution, 2.5% dextran sulfate. 50 mM 
Na2P04/NaHP04, pH 7.0, 50% fonnamide with 100 mg/mL denatured sahnon 
spem DNA. Stringent washes are performed at 65 °C in 0. IX SSC and 0. 1 % SDS. 

20 DNA sequencing is carried out on both strands using a cycle sequencing dye- 
tenninator kit with AmpliTaq DNA Polymerase, FS (ABI, Foster Cit)^ CA). 
Sequencing reaction products are nm on ABI Prism 377 DNA Sequencer. 
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EXAI\n*[.E 7: Protein Phosphat ase G ene F^xpression 

IZxprcssion Vector Construction 
5 Expression constructs are generated for some of the human cDNAs 

incUiding: a) fulMength clones in a pCDNA expression vector; b) a GST-fusion 
construct containing the catalytic domain of the novel phosphatase fused to the C- 
tcrniinal end of a GST expression cassette; and c) a full-length clone containing a 
Gys to Ser (C to S) mutation at the predicted catalytic site within the phosphatase 
1 0 domain, inserted in the pCDNA vector. 

The 'V to S" mutants of the phosphatase might fiuiction as dominant negative 
constructs, and will be used to elucidate the function of these novel phosphatases. 

EXAiMPLE 8: Generation of Specific Immunoreagents to Protein 
\5 Phosphatases 

Materials and Methods 

Specific immunoreagents are raised in rabbits against KTH- or M.AP- 
conjugated synthetic peptides coiresponding to isolated phosphatase polypeptides. C- 
terminal peptides are conjugated to KJ Ji with glutaraldehyde, leaving a free C- 
20 terminus. Internal peptides are MAP -conjugated with a blocked N-temiinus. 

Additional immunoreagents can also be generated by immunizing rabbits with the 
bacterially expressctl GST-tiision proleiiis conlainnig the c\'lo]ilasmic domains of each 
nn\ el IM P or S 1 P. 

The \-arious immune sera are first tested for reacti\'itv and selecti\ itv to 
25 recombinant protein, prior lo testing for endogenous sources. 

W estern blots 

f'^'f ileitis in SOS PAC iF ;ire tnin^tenvd irm^iohilon Tineirbrnpr J]m,' 
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X-1 00). Blocking and antibody incubation buffer is PBST -^5% milk. Antibody 
dilutions vaned from 1:1000 to 1:2000. 

EXAMPLE 9: Recombinant Express io n and Biological Assays for Protein 
5 Phosphatases 

Materials and Methods 

Transient Expression of Phosphatases in Mammalian Cells 
The pcDNA expression plasmids (10 ug DNAy^lOO mm plate) containing the 
STE20-related phosphatase constructs are introduced into 293 cells with 

10 lipofectaminc (Gibco BRL). After 72 hours, the cells are harvested in 0.5 mL 

solubilization buffer (20 mM HEPES, pH 7.35, 150 mM NaCl, 10% glycerol, 1% 
Triton X-1 00, 1.5 mM MgCls, 1 mM EGTA, 2 mM phenylmethylsulfonyl fluoride, 
1 ug/mL aprotinin). Sample aliquots are resolved by SDS polyacrylamide gel 
electrophoresis (PAGE) on 6% acr>'lamidc/0.5% bis-acrylamide gels and 

15 electrophoretically transfeired to nitrocellulose. Non-specific binding is blocked by 
preincubating blots in Blotto (phosphate buffered saline containing 5% w/v non-fat 
dried milk and 0.2% v/v Nonidet P-40 (Sigma)), and recombinant protein was 
detectal using the various anti-peptide or anti-GST-ftision specific antisera. 

20 In Vitro Phosphatase Assays 

Tliree days after transfection with the phosphatase expression constructs, a 
1 0 cm plate of 293 cells is w^ashed with PBS and solubilized on ice witli 2 mL 
PBSTDS containing phosphatase inhibitors (10 mMNaHP04, pH 7.25, 150 mM 
NaCl, 1% Triton X-1 00, 0.5% deoxycholate, 0.1% SDS, 0.2% sodium azide, 1 mM 

25 NaF, 1 mM EGTA, 4 mM sodium ortho vanadate, 1% aprotinin, 5 ug/mL leupeptin). 
Cell debris is removed by centrifugation (12000 x g, 15 min, 4°C) and tlie lysate is 
precleared by two successive incubations w^ith 50 |.lL of a 1:1 slurry of protein A 
sepharose for 1 hour each. One-half mL of the cleared supernatant is reacted with 
10 LiL of protein A purified phosphatase-specific antisera (generated from the GST 

30 ftision protein or antipeptide antisera) plus 50 uL of a 1 : 1 slurr>^ of protein A- 
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sepharosc for 2 hi* at 4 llie beads are then washed 2 times in PBSTDS, and 2 
times in IINTG (20 mM HhPES, pli 7.5/150 mM NaCK 0.1% Triton X-lOO, 10% 
glycerol). 

The ininiunopurifled phosphatases on sepharose beads are resuspended in 20 
5 llL IINTG plus 30 niM MgCU, 1 0 niM MnCl:, and 20 uCi [a" 'PJ ATP (3000 

CiAnmol). The phosphatase reactions are run for 30 min at room temperature, and 
stopped by addition of IINTG supplemented with 50 mM EDTA. The samples are 
washed 6 times in HNTG, boiled 5 min in SDS sample buffer and analyzed by 6%o 
SDS-PAGE followed by autoradiogi*aphy. Phosphoamino acid analysis is 
10 performed by standard 2D metliods on ^"P-labeled bands excised from the SDS- 
PAGEgel. 

Similar assays are performed on bacterially expressed GST-fiision constmcts 
of the phosphatases. 

15 

EXAMPLE 10: Demonstration Of Gene Amplirication By Southern Blotting 

Materials and Methods 

Nylon membranes are purcliased from Boehringer Maiii±eim. Denaturing 
solution contains 0.4 M NaOH and 0.6 M NaCl. Neutralization solution contains 

20 0.5 M Tris-HCL. pH 7.5 and L5 M NaCl. Hybridization solution contains 50% 
foiTnamide, 6X SSPF, 2.5X Denhardt's solution, 0.2 mij;/mL denatured salmon 
DNA- f),l mg/mL yeast IRNA, and ().2 % sodium dodecy] sultale. Restriction 
en/ynies are purchasetl from Boehringer Mannlienn. Radiolabeled probes are 
prepared using the Prime-it M kit bv Stratagene. fhe beta-actin DNA fragment used 

25 ibr a probe template is purchased from Clontech. 

Genomic DNA is isolated from a variety of tumor cell lines (such as MCF~7, 
MDA-Mn-231. Calu-6. A54^). H(l-Kv HT-20. Colo 20^ hS-lSf). Dl D 1 . WCJ^ 
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A 10 ug aliquot of each genomic DNA sample is digested with FcoR I 
restriction enzyme and a separate 10 ug sample is digested with Hind III restriction 
en/yme. The restriction-digested DNA samples are loaded onto a 0.7% agarose gel 
and, foUowdng electrophoretic separation, the DNA is capillar>^-transfeiTed to a 
5 nylon membrane by slaridard niellitxls (Sambrook^ T. el al Tl QR9) Molecular 
Cloning; A Laboratory Manual, Cold Spring Harbor Laboratory). 

EXAMPLE 11: Detection Of Protein-Protein Interaction Through Phage 
Display 

10 Materials And Methods 

Phage display provides a method for isolating molecular interactions based 
on alTinity for a desired bait. cDNA fi-agments cloned as fiisions to phage coat 
proteins are displayed on the surface of the phage. Phage(s) interacting with a bait 
are eiinched by affinity punfication and the insert DNA from individual clones is 
15 analyzed. 

T7 Phage Display Libraries 

All libraries are constructed in the T7Selcctl-lb vector (Novagen) according 
to the manufacturer's directions. 
Bait Presentation 

20 Protein domains to be used as baits are generated as C-terminal fusions to 

GST and expressed in E. coif. Peptides are chemically synthesized and biotinylated 
at the N-terminus using a long chain spacer biotin reagent. 
Selection 

Ahquots of refreshed libraries (10^^-10^" phi) supplemented with PanlVdix 
25 and a cocktail of £. co/i inliibitors (Sigma P-8465) are incubated for 1-2 hrs at room 
temperature with the immobilized baits. Unbound phage is extensively washed (at 
least 4 times) with wash buffer. 

After 3-4 rounds of selection, bound phage is eluted in 1 00 |iL of 1 % SDS 
and plated on agarose plates to obtain single plaques. 
30 Identification of insert DNAs 
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individual plaques are picked into 25 i^iL of 10 niM EDTA and the phage is 
disrupted by heating at 70 for 10 min. 2 uL of the disrupted phage are added to 
50 uL PCR reaction mix. lire insert DNA is anipliTied by 35 rounds oi^ thermal 
cycling (94 \\ 50 sec: 50 'C. Imin: 72 i\ Imin). 
5 Composition of Buffer 

lOx PanMix 

5% Triton X-100 

1 0% non-fat dry milk (Catnation) 

10 mM EGTA 
10 250 mMNaF 

250 ug/mL Heparin (sigma) 

250 jug/mL sheared, boiled salmon sperm DNA (sigma) 

0.05% Na azide 

Prepared in PBS 
15 Wash Buffer 

PBS supplemented witli: 

0.5%NP-40 

25 ul g/mL heparin 

PCR reaction mix 
20 1 .0 mL 1 Ox PCR buffer (Perkin-Elmer, with 1 5 mM Mg) 

0.2 niL each dNTPs (10 mM stock) 

n.l mL r"^L P pnmer {15 pmol uL) G(iA(iCTCtTCGTA 1 TCC AdTC 
n. 1 lid fDN piimcr ( 15 piuul uL) AACCCC ' rCAA( lAC ( X ( iTTTAC i 
0.2 mL 25 mM MgCb or MgSCXi to compensate lor F^DTA 
25 Q.S. to 1 0 niL with distilled water 

Add 1 unit of faq polymerase per 50 uL reaction 
LIBRARY': Select 1-H441 
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It will be appreciated that, in any given series of compounds, a spectrum of 
biological activity will be observed. In a prefeired embodmient, the present 
invention relates to compounds demonstrating the ability to modulate protein 
eiizymes related to cellular signal transduction, preferably, protein phosphatases; 
5 and most preferably, protein tyi*osine nhosnharnscs Tlie assays described below arc 
employed to select those compounds demonstrating the optimal degree of the 
desired activity. 

As used herein, the plirase "optimal degree of desired activity" refers to the 
highest therapeutic index, defined above, against a protein enzyme which mediates 
10 cellular signal transduction and which is related to a particular disorder so as to 
provide an animal or a human patient, suffering from such disorder with a 
therapeutically effective amoimt of a compound of this invention at the low^est 
possible dosage. 


15 Assays For Determining Inhibitory Activity 

Vanous procedures known in the ail may be used for identifying, evaluating 
or assaying tlie inhibition of activity of protein enz>ines, in particular protein 
phosphatases, by the compounds of tl:ie invention. For example but without 
limitation, with regard to phosphatases such assays involve exposing target cells in 

20 culture to the compounds and (a) biochemically analyzing cell lysates to assess the 
level and/or identity of phosphorylated proteins; or (b) scoring phenotypic or 
functional changes in treated cells as compared to control cells tliat were not 
exposed to the test substance. 

W^iere mimics of the natural ligand for a signal transducing receptor are to 

25 be identified or evaluated, the cells are exposed to the compound of the invention 
and compared to positive controls which are exposed only to the natural ligand, and 
to negative controls W'hich are not exposed to either the compound or the natural 
ligand. For receptors tliat are known to be phosphorylated at a basal level in tlie 
absence of the natural hgand, such as the insulin receptor, the assay maybe earned 

30 out in the absence of tlie ligand. Where inhibitors or enhancers of ligand induced 
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signal transduction are to be identified or evaluated, the cells arc exposed to the 
compound of the im ention in the presence of the natural ligand and compared to 
controls which are not exposed to the compound of the invention. 

The assays described below may he used as a primary screen to evaluate the 
5 ability of the compounds of this invention to inhibit phosphatase activity of the 
compounds of the invention. The assays may also be used to assess the relative 
potency of a compound by testing a range of concentrations, in a range from 100 pM 
to 1 pM. for example, and computing the concentration at which the amount of 
phosphorylation or signal transduction is reduced or mcreased by 50% (1C50) 
10 compared to controls. 

Biochemical Assays 

Tn one embodiment target cells having a substrate molecule that is 
phosphor>dated or dephosphor>dated on a tyrosine residue during signal transduction 

1 5 are exposed to the compounds of the invention and radiolabelled phospliate, and 

thereafter, lysed to release cellular contents, including the substrate of interest. The 
substrate may be analyzed by separating the protein components of the cell lysate 
using a sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
technique, in either one or two dimensions, and detecting the presence of 

20 phosphorylated proteins by exposing to X-ray fdm. ]n a similar teclmique, but 

w ithout radioacti\ e labeling, llie protein components separated bv SDS-PACiL are 
trans ierred to a nitroceUulose membrane, tlie presence of pTvi' is detected usinu an 
antipiiospholyrosuie (anti-plyr) antibodv. Aiteniati\ely, \l is preteiTcd that the 
substrate of interest be first isolated by incubating the cell lysate with a substrate- 

25 specific anchoring antibody bountl to a solid support, ^uid thereafter, washing away 
non-bound celhdar components, and assessing the presence or absence of pTyr on 
the solid supi>orl by an anti-p fyr antibody. This preferred method can readily be 
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The anti-pTyr antibody can be detected by labeling it with a radioactive 
substance which facilitates its detection by autoradiogi-aphy. Alternatively, the anti- 
pTyr antibody can be conjugated with an enzyme, such as horseradish peroxidase, 
and detected by subsequent addition of an appropriate substrate ibr the enzynie, the 
5 choice of which would be clear to one skilled in the ail. A further alternative 

involves detecting the anti-pTyr antibody by reacting with a second antibody which 
recognizes the anti-pTyr antibody, this second antibody being labeled with either a 
radioactive substance or an enzyme as previously described. Any other methods for 
the detection of an antibody known in the art may be used. 

10 The above methods may also be used in a cell-free system wherein cell lysate 

containing the signal-transducing substrate molecule and phosphatase is mixed with 
a compound of the invention and a kinase. The substrate is phosphorylated by 
initiating the kinase reaction by the addition of adenosine triphosphate (ATP). To 
assess tlie activity of the compound, the reaction mixture may be analyzed by the 

15 SDS-PAGE technique or it may be added to a substrate-specific anchoring antibody 
bound to a solid support, and a detection procedure as described above is performed 
on the separated or captured substrate to assess the presence or absence of pTyr. 
The results are compared to tliose obtained with reaction matures to which the 
compound is not added. The cell-free system does not require the natural ligand or 

20 knowledge of its identity. For example, Posner et al (U.S. Patent No. 5.155,031) 
describes the use of insulin receptor as a substrate and rat adipocytes as target cells 
to demonstrate the ability of pcrvanadate to inhibit PTP activity. Burke et al, 1 994, 
Biochem. Biophys. Res. Comm., 204:129-134) describes the use of 
autophosphorylated insulin receptor and recombinant PTPl B in assessing the 

25 inhibitoiy activity of a phosphot>Tosyl mimetic. 

hi addition to measuring phosphorylation or dephosphor>dation of substrate 
proteins, activation or modulation of second messenger production, changes in 
cellular ion levels, association, dissociation or translocation of signaling molecules, 
gene induction or transcription or translation of specific genes may also be 
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monitored. Tliese biochenncal assays may be perfomied using conventional 
techniques developed for these puq^oses. 

Biological Assays 

The ability of the compounds of this invention to modulate the activity of 

5 PTPs, which control signal transduction, may also be measured by scoring for 
moiphological or functional changes associated with ligand binding. Any 
qualitative or quantitative teclmiques laiown in the art may be applied for observing 
and measuring cellular prticesses whirh conic under tlie control of phosphatases in a 
signaling pathway. Such cellular processes may include, but are not limited to, 

0 anabolic and catabolic processes, cell proliferation, cell differentiation, cell 
adhesion, cell migration and cell deatli. 

The techniques that have been used for investigating tlie various biological 
effects of vanadate as a phosphatase inlubitor may be adapted for use with the 
compounds of the invention. For example, vanadate has been shown to activate an 

5 insulin-sensitive facilitated transport system for glucose and glucose analogs in rat 
adipocytes (Dubyak et ciL, 1980,./. Biol. Cheni, 256:5306-5312). The activity of the 
compounds of the invention may be assessed by measuring the increase in the rate of 
transport of glucose analog such as 2-deoxy-'H-glucose in rat adipocytes that have 
been exposed to the compounds. Vanadate also mimics tlie effect of insulin on 

0 glucose oxidation in rat adipocytes (Shechter et ai, 1980, Nature. 284:556-558). 
Tlie comi^ounds of this in\eniic>n maybe lestecl tor stimulation of glucose oxidation 
bv measunng the con\ ersion of ^^^('-glucose to '"^CO^ \1oreo\ er, the effect of 
sodium orthox anadate on erythropoietm-meduited cell proliferation lias been 
measured by cell cycle analysis based on DNA content as estimated by 

5 incorporation of tritiated thynndine during DNA synthesis (Spivak et aL, 1 992, Exp. 
HcmatoL. 20:500-504). Likewise, the acti\ ilv of the compounds of this in\ cntion 
toward phosphatases that plav a role in cell proliferation may he assessed bv cell 
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dysfLinctional signal transduction. For example, the activity of a compound of this 
invention may be tested for its effect on insulin receptor signal transduction in non- 
obese diabetic mice (Lund etal, 1990. Nature. 345:727-729), B B Wistar rats and 
streptozotocin-induced diabetic rats (Solomon et ciL, 1989, Am. ,/ Med. Sci., 
5 297:372-376), The activity of tlic compounds may also be assessed in animal 
carcinogenesis experiments since phosphatases can play an important role in 
dysfunctional signal transduction leading to cellular trans fomi at ion. For example, 
okadaic acid, a phosphatase inliibitor, has been shown to promote tumor formation 
on mouse skin (Suganuma etaL, 1988, Proc. Natl Acad. Sci., 85:1768-1771). 
10 The data obtained from these cell culture assays and animal studies can be 

used in formulating a range of dosages for use in humans. The dosage of the 
compounds of the invention should lie within a range of circulating concentrations 
with little or no toxicity. The dosage may vary within this range depending on the 
dosage form employed and the route of administration. 

15 Phosphotyrosipe Eazyme Linked Immunosorbent Assay 

This assay may be used to test the ability of the compounds of the invention 
to inhibit dephosphorylation of phosphotyrosine (pTyr) residues on insulin receptor 
(IR). Those skilled in the art will recognize that other substrate molecules, such as 
platelet derived growth factor receptor, may be used in the assay by using a different 

20 target cell and anchoring antibody. By using different substrate molecules in the 
assay, the activities of the compounds of this invention toward different protein 
tyrosine enzymes may be assessed. In tlie case of IR, an endogenous kinase activity 
is active at low level even in the absence of insulin binding. Thus, no insulin is 
needed to stimulate phosphorylation of IR. That is, after exposure to a compound, 

25 cell lysates can be prepared and added to microtiter plates coated with anti-insuHn 
receptor antibody. The level of phosphoiylation of the captured insulin receptor is 
detected using an anti-pTyr antibody and an enzynie-linlced secondary^ antibody. 

Assay methods in determination of compound-PTP IC50 
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The following in vitro assay procedure is preferred to determine the le\ el of 
activity and effect of tlie different compounds of the present un ention on one or 
more of the PTPs. Similar assays can be designed along the same lines for any PTP 
using tecliniques well known in the art. 
5 The catalytic assays described herein are performed in a 96-well format. The 

general procedure begins with the detemiination of P I P optimal pH using a three- 
component butTer system that minimizes ionic strength \^ariations across a wide 
range of buffer pH. Next, the Michaelis-Menten constant, or Km. is determined for 
each specific substrate-PTP system. This Km value is subsequently used as the 
10 substrate reaction concentration for compound screening. Finally, the test PTP is 
exposed to varying concentrations of compound for fifteen minutes and allowed to 
react with substrate for ten minutes. The results are plotted as percent inhibition 
versus compound concentration and Uie 1C50 interpolated from the plot. 
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The following materials and reagents are used: 

1 . Assay Buffer is used as solvent for all assay solutions unless 

otherwise nidicated. 
Component Concentration 
A c c Late ( F i sh cr Sc i e n ti fl c A - ^ 0 0) i 00 n_i M 

Bis-Tris (Sigma B-7535) 50 niM 

Tri's (Fisher Scientific BP152-5) 50 mm 

Glycerol (Fisher Scientific BP229-r) 10% (v/v) 

1 mM DTT is added immediately prior to use 
5 2. 96 Well Easy Wash Plate (Costar 3369) 

3. p-Nitrophenyl Phosphate (Boehringer Maiinheim 738-379) 

4. Fluorescein Diphosphate (Molecular Probes F-2999) 

5. 0.22^m Stericup Filtration System 500 ml (Millipore SCGPU05RE) 

6. ION NaOH (Fisher Scientific SS255-1) 
10 7. ION HCl (Fisher Scientific Al 44-500) 

8. Compounds were dissolved m DMSO (Sigma D-5879) at 5 or 1 0 mM 
concentrations and stored at -20''C in small aliquots. 

Methods : 

All assays are performed using pNPP or FDP as substrate. The optimum pH 
15 is detemiined for each PTP used. 

PTP assay 

PTPase activity is assayed at 25^C in a 100-^1 reaction mixture containing an 
appropnate concentration of pNPP or FDP as substrate. The reaction is initiated by 
addition of the PTP and quenched after 10 min by addition of 50 }il of IN NaOH. 
20 Tlie non-eii/\Tnatic hydrolysis of the substrate is coiTected by measuring the control 
without the addition of the enzyme. The amount of p-nitrophenol produced is 
detemiined from the absorbance at 41 0 nm. To determine the kinetic parameter. 
Km, the initial velocities are measured at various substrate concentrations and ^l^e 
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data are fitteci to the Michaclis equation where velocity ^ (Vmax (S|) , (Kji] - [S]). 
and |S] ^ substrate reaction concentration. 

Inhibition studies 

The effect of the compounds on PTP is evaluated at 25''C^ using pTsTP or 
5 I D? as substrate. PTP is pre-incubated for fifteen minutes with various 

concentrations of compound. Substrate is then added at a fixed concentration 
(usually equal to the Km previously calculated). After 1 0 minutes, NaOH is added 
to stop the reaction. The hydrolysis of pNPP is followed at 410 nni on. the Biotek 
Pow^erwave 200 microplate scanning spectrophotometer. The percent nihibition is 

10 calculated as follow^s: Percent Inhibition = [(control signal - compound signal) / 
control signal] x 100%. The IC50 is then determined by interpolation of a percent 
inhibition versus compound concentration plot. 

Plasmids designed for bacterial GST-PTP fusion protein expression are 
derived by insertion of PCR-generated human PTP fragments into pGEX vectors 

15 (Phannacia Biotech). Several of these constructs are then used to subclone 

phosphatases into pFastBac-1 for expression in Sf-9 insect cells. Oligonucleotides 
that are used for the initial amplification of PTP genes are show^n below. The 
cDNAs are prepared using the Gilbo BRL superscript preamplification system on 
llN'As purchased from Glontech. 

20 

(O NGI 1 "SION 

One skilled in the art would readily appreciate that the pi-esent itucntion is 
well adapted to cany out the objects and obtain the ends and advantages mentioned. 
25 as wqW as those inherent therein. The molecular complexes and the methods, 
procedures, treatments, molecules, specilic compounds described herein are 


wo *M 4f>3V4 


Vi \ I SOU 34"^3() 


the invention disclosed herein without departing from the scope and spirit of the 
invention. 

All patents and publications mentioned in the specification are indicative of 
tlie levels of those skilled in the an to which the invention pertains. All patents and 
5 publications are iierein incorporated by reference to the sanie extent as if each 

individual publication was specifically and individually indicated to be incorporated 
by reference. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or hmitations wliich is not 

10 specifically disclosed herein. Thus, for example, in each instaiace herein any of the 
terms "comprising/* "consisting essendally of and "consisting of may be replaced 
with either of die other two terms. The temis and expressions which have been 
employed are used as temis of description and not of limitation, and there is no 
intention that in the use of such terms and expressions of excluding any equivalents 

15 of the features shown and described or portions thereof, but it is recognized that 

various modifications are possible within the scope of the invention claimed. Thus, 
it should be understood that although the present invention has been specifically 
disclosed by preferred embodiments and optional features, modification and 
variation of the concepts herein disclosed may be resorted to by those skilled in the 

20 art, and that such modifications and variations are considered to be within the scope 
of this invention as defined by the appended claims. 

\n addition, where features or aspects of the invention are described in temis 
of Markush groups, those skilled in the ait will recognize that the invention is also 
thereby described in terms of any individual member or subgroup of members of the 

25 Markaish group. For example, if X is described as selected from the group 

consisting of bromine, chlorine, and iodine, claims for X being bromine and claims 
for X being bromine and chlonne are fully described. 

In view^ of the degeneracy of the genetic code, other combinations of nucleic 
acids also encode the claimed peptides and proteins of the invention. For example, 

30 all four nucleic acid sequences GCT, GCC, GCA, and GCG encode the amino acid 
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alanine Therefore, if for im amino acid there exists an a\ erage of three codons, a 
polypeptide of 100 amino acids in length will, on a\'erage, be encoded by 3 100. or 5 
\ 1047, nucleic acid sequences. Thus, a nucleic acid sequence can be modified to 
form a second nucleic acid sequence, encoding the same polypeptide as encoded bv 
5 the first nucleic acid sequences, using routine procedures and without undue 

experimentation. Thus, all possible nucleic acids that encode the claimed peptides 
and proteins are also fully described herein, as if all were written out in full takmg 
into account the codon usage, especially that prefeued in humans. Furthermore, 
changes in the amino acid sequences of polypeptides, or in tlie corresponding 

10 nucleic acid sequence encoding such pol\^>eptide, may be designed or selected to 
take place in an area of the sequence where the significant activity of the 
polypeptide remains unchanged. For example, an amino acid change may take place 
within a (3-tum, away from the active site of the polypeptide. Also changes such as 
deletions (e.g. removal of a segment of tlie polypeptide, or m the corresponding 

15 nucleic acid sequence encoding such polypeptide, which does not affect the active 
site) and additions (e.g. addition of more amino acids to the polypeptide sequence 
without affecting the function of the active site, such as the formation of GST-fusion 
proteins, or additions in the coiresponding nucleic acid sequence encoding such 
polypeptide without affecting the function of the active site ) are also within the 

20 scope of the present invention. Such changes to the polypeptides can be performed 
bv those with ordinaiy skill in the art using routine procedures and without undue 
cxpennientation. Thus, all possible luiclcic and or anutu) acid sequences that can 
i\'adily he detcrniined not to alTect a significant acti\it\' of the pcptulc or protein o!^ 
the in\ eiition are also hdly described liercin. 

The invention has been described broadly and generically herein. Lach of 
the narrower species and subgeneric groupings falling within the generic disclosure 
also fomi part of tiic im ention. This includes the generic descnplit^n oUhc 
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Other embodiments are within the following clanris. 
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What is claimed is: 

CLAIMS 

1 . An isolated, enriched or purified nucleic acid molecule encoding a 
phosphatase polypeptide, wherein said nucleic acid molecule comprises a nucleotide 
5 sequence that: 

(a) encodes a polypeptide ha\'ing an amino acid sequence selected from 
the group consisting of those set forth in SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID 
NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 SEQ ID 
NO:20, SEQ ID N0:2 1 , SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24; 
1 0 (b) is the complement of the nucleotide sequence of (a); 

(c) hybridizes under stringent conditions to the nucleotide molecule of 
(a) and encodes a naturally occurring phosphatase pol>^eptide; 

(d) encodes a polypeptide having an amino acid sequence selected from 
the group consisting of those set forth in SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID 

1 5 NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO; 1 , SEQ ID NO: 1 8, SEQ ID NO: 1 9, SEQ I D 
NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24. 
except that said polypeptide lacks one or more, but not all, of an N-terminal domain, 
a C4erminal catalytic domain, a catalytic dommn, a C-temiinal domain, a coiled-coil 
stmcture region, a proline-rich region, a spacer region and a C-temiinal tail; or 

20 (e) is the complement of the nucleotide sequence of (d). 

^. The nucleic acid molecule of claim 1. Uniher comprising a x cctor or 
pronutter etVectiw U) initiate Iranscriplion in a host cell. 

25 3. The nucleic acid molecule ofclaim K wherein said nucleic acid 

molecule is isolated, enriched, or purified from a mammal. 


.1 
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5. The nucleic acid probe of claim 1 used for the detection of nucleic 
acid encoding a phosphatase polypeptide in a sample, wherein said phosphatase 
polypeptide is selected from the group consisting of a phosphatase polypeptide 
having an amino acid sequence selected from the group consisting of those set forth 

5 in SROTDNO n, SFQIDN0'14, SlQ ID NO: 15. StQ VO:16, SLQ ID 

N0:1 7, SEQ ID NO: 18, SHQ ID NO: 19, SHQ IDNO:20, SliQ TD N0:21, SEQ ID 
NO:22, SEQ ID NO:23, and SEQ ID NO:24. 

6. A recombinant cell comprising the nucleic acid molecule of claini 1 
10 encoding a phosphatase polypeptide having an amino acid sequence selected from 

the group consisting of tlaose set fortli m SEQ ID N0:13. SEQ ID NO: 14, SEQ ID 
NO: 1 5, SEQ ID NO: 1 6, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9, SEQ ID 
NO:20, SEQ ID N0:21 , SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24. 

15 7. An isolated, enriched, or purifial phosphatase polypeptide, wherein 

said polypeptide comprises an amino acid sequence having 

(a) an amino acid sequence selected from the group consisting of those 
set forth in SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ED NO: 16, SEQ 
ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID N0:19. SEQ ID NO:20, SEQ ID N0:21 , SEQ 

20 ID NO:22, SEQ ID NO:23, and SEQ ID NO:24; or 

(b) an amino acid sequence selected from the gi-oup consisting of those 
set forth in SEQ ID NO: 13, SEQ ID N0:14, SEQ ID N0:15, SEQ ID NO: 16, SEQ 
ID NO. 1 7, SEQ ID NO: 1 8, SEQ ID NO: 1 9. SEQ ID NO:20, SEQ ID N0:2 1 , SEQ 
ID NO-22, SEQ ID NO:23, and SEQ ID NO:24, except that the polypeptide lacks 

25 one or more, but not all, of the domains selected from the group consisting of an N- 
terminal domain, a C-tenninal catalytic domam, a catalytic domain, a C-termmal 
domain, a coiled-coil structure region, a proline-rich region, a spacer region, and a 
C-tenninal tail. 
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8. The phosphatase polypeptide of claim wherein said polypeptide is 
isolated, purified, or enriched from a mammal. 

9. The phosphatase polypeptide of claim 8, wherein said mammal is a 

5 human. 

10. An antibody or antibody fragment having specific binding affinity to 
a phosphatase polypeptide or to a domain of said polypeptide, wherein said 
polypeptide is a phosphatase polypeptide having an amino acid sequence selected 

10 irom the group consisting of tliose set forth in SEQ ID N0;13, SEQ ID N0:14, SEQ 
ID NO:K\ SEQ ID NO: 16, SEQ ID N0:17, SEQ ID NO: 18, SEQ ID N0:19, SEQ 
ID NO:20, SEQ ID N0:2 1 , SEQ ID N0:22, SEQ ID NO:23, and SEQ ID NO:24. 

IE A hybridoma wirich produces an antibody having specific binding 
1 5 affmity to a phosphatase polypeptide having an amino acid sequence selected from 
the group consisting of those set forth in SEQ ID N0:13, SEQ ID N0:14, SEQ ID 
N0:15, SEQ ID NO: 16, SEQ ID N0:1 7, SEQ ID N0:1 8, SEQ ID NO: 1 9, SEQ ID 
NO:20, SEQ ID NO:2T SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24. 

20 1 2. A kit comprising an antibody which binds to a polypeptide of claim 7 

or 8 and negative control antibody. 

13. .\ method tor ideniilyinL: a substance that modulates tlie acti\ it\ of i\ 
l^hosphatase polypeptide comprising the steps of 
25 (a) contacting the phosphatase poKpeptide having an :miino acid 

sequence selected from the group consisting of those set fovih in SEQ ID NO: 1 3, 
SEQ ID NO: 14, SEO ID NO: 15. SEQ ID NO: 16. SEQ iD NO: IT', ShQ 1DN0:1S;. 
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(c) determining whether said substcince modulates the activity of said 
polypeptide. 

14. A method for identifying a substance that modulates the activity of a 
> phosphatase polypeptide in a cell comprising the steps of 

( a) expressing a phosphatase polypeptide having an amino acid sequence 
selected from the group consisting of those set forth in SEQ ID NO: 13, SEQ ID 
N0:]4, SEQ TDNO:15, SEQ ID N0;16, SEQ ]DN0:17, SEQIDNO:18, SEQ ID 
N0:19, SEQ ID NO:2a SEQ ID NO:2L SEQ ID NO:22, SEQ ID NO:23, and SEQ 
10 IDNO:24: 

(b) adding a test substance to said cell; and 

(c) monitoring a change in cell phenotype or the interaction between said 
polypeptide and a natural binding partner. 

15 15. A method for treating a disease or disorder by administering to a 

patient in need of such treatment a substance that modulates the activity of a 
phosphatase having an amino acid sequence selected from the group consisting of 
those set forth in SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, 
SEQ E) NO: 1 7, SEQ ID NO: 18. SEQ ID N0:1 9. SEQ ID NO:20, SEQ ID N0:2 1 , 

20 SEQ ID NO:22, SEQ ID NO:23, and SEQ ID NO:24. 

1 6. The method of claim 1 5, wherein said disease or disorder is selected 
from the group consistmg of cancers, immune-related diseases and disorders, 
cardiovascular disease, brain or neuronal-associated diseases, and metabolic 

25 disorders, 

1 7. The method of claim 15, w4ierein said disease or disorder is selected 
from the group consisting of cancers of tissues: cancers of hematopoietic origm; 
diseases of the central nervous system; diseases of the peripheral nervous system; 

30 Alzheimer's disease; Parkinson's disease: multiple sclerosis; amyotrophic lateral 
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sclerosis: viral infections; infections caused b> prions; infections caused by bacteria: 
infections caused by fungi; ocular diseases, metabolic disorders, and diabetes. 

18. The method of claim 15, wherein said disease or disorder is selected 
5 from the group consisting of migraines; pain; sexual dysfunction: mood disorders; 
attention disorders; cognition disorders; hypotension; hypertension; psychotic 
disorders: neurological disorders; dyskinesias; metabolic disorders; and organ 
1n-ansplant rejection. 

10 19. The method of claim 1 5, wherein said substance modulates 

phosphatase activity /// vitro. 

20. The method of claim 19, wherein said substance is a phosphatase 
inhibitor. 

15 

21. A method for detection of a phosphatase polypeptide in a sample as a 
diagnostic tool for a disease or disorder, wherein said method comprises: 

( a) contacting said sample with a nucleic acid probe which hybridizes under 
hybridization assay conditions to a nucleic acid target region of a phosphatase 

20 polypeptide having an amino acid sequence selected from the group consisting of 
those set forth in SEQ ID NO: 13. SFQ IH NO: 14. SFQ ID NO: 15, SOQ ID NO: 16, 
Shg ID NO:17. Si:0 ID N():KS. SLQ ID N():l^). SIX) iD N():2(). SFO ID NO;2L 
SFO ID NO:22. SbO ID N():23. and Si n ID N( ):24, said pvohc comprising ilic 
nucleic acid sequence encoding saitl polx pcptide, fragments thereof or the 

25 complements of said sequences and fragments: and 

(b) detecting the presence or amount of the prol:ie:target region hybrid as an 
indication of said disease. 
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cardiovascular disease, brain or neuronal-associated diseases, and metabolic 
disorders. 

23. The method of claim 21, wherein said disease or disorder is selected 
5 from the group consisting of cancers of tissues: cancers of hematopoietic cMigin: 

diseases of the central nervous system; diseases of the peripheral nervous system; 
Alzheimer's disease; Parkinson's disease; multiple sclerosis; amyotropliic lateral 
sclerosis; viral infections; infections caused by pnons; infections caused by bacteria; 
infections caused by fungi; and ocular diseases. 

10 

24. The method of claim 21. wherein said disease or disorder is selected 
from the group consisting of migraines, pain; sexual dysfunction; mood disorders; 
attention disorders; cognition disorders; hypotension; hypertension; psychotic 
disorders; neui'ological disorders; dyskinesias; metabolic disorders; and organ 

1 5 transplant rejection. 

25. A method for detection of a phosphatase polypeptide in a sample as a 
diagnostic tool for a disease or disorder, wlierein said method comprises: 

(a) comparing a nucleic acid target region encoding said phosphatase 

20 polypeptide in a sample, wherein said phosphatase polypeptide has an amino acid 
sequence selected from the group consisting of those set forth in SEQ ID N0:13, 
SEQ ID NO: 14, SEQ ID N0:15, SEQ ID N0:16, SEQ ID NO: 17, SEQ ID N0:18, 
SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID N0:22, SEQ ID N0:23, 
and SEQ ID NO:24, or one or more fragments thereof, with a control nucleic acid 

25 target region encoding said phosphatase polypeptide, or one or more fragments 
tliereof; and 

(b) detecting differences in sequence or amount betw een said target region 
and said control target region, as an indication of said disease or disorder. 
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26. The method of claim 25, wlicrein said disease or disorder is selected 
from the group consisting of cancers, immune-related diseases and disorders, 
cardiovascular disease, brain or neuronal-associated diseases, and metabolic 
disorders. 

5 

27. The method of claim 25, wherein said disease or disorder is selected 
from the group consisting of cancers of tissues; cancers of hematopoietic origin; 
diseases of the central nervous system; diseases of the peripheral nervous system; 
Alzheimer's disease; Parkinson's disease; multiple sclerosis; amyotrophic lateral 

10 sclerosis; viral infections; infections caused by prions; infections caused by bacteria; 
infecrions caused by fungi; and ocular diseases. 

28. The method of claim 25, wherein said dise^ise or disorder is selected 
from the group consisting of migraines, pain; sexual dysfunction; mood disorders; 

1 5 attention disorders; cognition disorders; h>potension; hypertension; psychotic 
disorders; neurological disorders; dyskinesias; metabolic disorders; and organ 
transplant rejection. 

29. A nucleic acid that encodes a mammalian phosphatase or a fragment 
2(J thereof selected from the group consisting of SEQ ID NO: 1 , SEQ ID NO:2. SEQ ID 

N0:3, SEQ ID N0:4, SEQ ID N0:5. SEQ ID N0:6. SEQ ID NO:7. SEQ ID NO:8, 
SnO ID \():^), SFQ ID N():l(), SFQ ID N():l 1. and Sl() ID N0:12. 
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3t;Q IZ' NO : 1 ( 5GP jOb; 

r^CGTC?G?GGCGCCCTOGCACCGCGCCGCAGCCA?GGCC'^'"GG'^GAC(':C'"GCAG'::G'"rr;:GCCC GC^AG 
Z jtGGGGGT Z ZZ '2 ZZC-ZGCCAZ JAAGAl^C ^AGTTGi3AGGG'AGGGAGCG-AAGAAGATGGAA7L^'r'"AA.-'^.CC'^''"A 


TG^GTG^GTi^G^GGGACAj;GAj;CG-GG':GGCAGGACACC:^AGGAG,AA'AV"CTTG^C'TGGGAGTi:: AA:T':"rT':GAGG 

GGTCTGCCGGGGAGG-T :-G:TGCAG/v/\i3GCGTGG jAA 5GGCGi^GAGi^CAG.*\AGTAG':TGGGGG .--GGG'/rGTA 
G- r!?GTCATGTGGGGTAGCTACTATGAjAAGGTG-AAT lAGCTGCGAGGAGAGG TGG A.TC ^A r'GAGTGGAAG::''" 


a."j\g;-.::a:a'g ^ av.agaaggagaga,\aga^a':g.\a:':3': ■\a:':':gaaggaacg :.agggap-^ttaga:^agaa. 
7gagaggg'aacgta':gttgggagagatg':-a0aai^cgctcg'::gtatg':tgga':gatgtttatctrggggctg 

\^AG:;^\A r A:A^"G A^ATCTGGAGG^ACTGGAGGGGTGAGG IIGTGGATTACAGTTGAAAT GTTATCA :;AGA7. 

ATTGGAAAATGGG A^':GAG':cGGTGGGG':':i:cAGAGT :ataggi:'ta^"Gg^a:g^a-a;-\A':t :g :-gtggccg 

::TGGAAvAAAGCArAG/\AGT'ATGG/VV\2GAGAAGGGGAGGATCACGGGG':GGAAGGGGG'^ 

z :':gtg':gag?at aw :g-cag zzz zgazgczjk a:aaa :ai; ::ggga rAACAA^GTG: gg-: zz :a :rGA :;aga 

A A::G':;iWAAGCGAGG'"G:GG7^:^Gr^: ^gatgatgg :g :GGAGG:c2GGG':A:^i^^CGGG::G7c:GcrGCTG 
r':C'A:;GGGAG':c'A:AGAG:GGGCTTGTGCCGTGC'::TGAGGAT i^AAAGT a:ga3GT':gg':cga:gt zgagz 

GAGGAA.GGG': 2GG ?A :tg': 3TGAi3;\aggat zz 2.\a 2a a^aaag^a a\G':":^tgg ;aggg : :a.aa::-g-': :gga 

G 2GGTGGT'7G ZZG _'A. ^ rZG ^A.GGA ZA^GGGP\AJ\ IIGG-A.GGA.G 7tL7GG'T'GGGAGGAG T'GAGrG T ZG ZG AL'AGGTT Z- 
G.AAG I'GAi^iGT JGA. G/V\AAGG-iGG rGAAGTCGGAiA^AGGTAAAGAACAAGAGCAAGAGi^AGGT :v^'C :C AA : 


GGCAT aGAGGAGGATi: 

GGGG : AGA'^AAGG ZA Z ZZT'l 
AGAGA.GGAGZ ZGG ZGZ ZGG2 

GZGGZZSiZAAAGGZZiGZZZZ': 
ZA'ZZ G.A.G G GG GAGAA ' 


IJ.-V.A: j'^AAi: 


'AA-, TA.AAGTG/WG TGTTGGGA.T.A.AAT''" 

:g-: zgagg zagzgazgzgajzgaggggaz. 

vZGZGZ'ZG ZGGZGZ^: 
^Ai~A'^":'"A'"GA'^G 


ZZi^ZTZ- 


G'^j^Ai^A'' 


A : : :.VGGA.WGAGA : ^wg :ga ^g aa^ggagg': 
;agaaggaagaG':taggggagggaggaggaggagt 


A^f^GAGG A:TGGT^'GGGAAGGAi:AGGA.AAGAGG':AGA ZGGGGZGAjXGAGCG'ZG 

G :gtgga zggaz zgg zz'z zggag^zag zzzggagg :ga 5ga':c;ggggagg aga(3 

G :A:GAi7G':irGGGGG A:G ^GTTATi^G :GAGGi:AG Z-GG ZGGZjZ? Z^yZGAjGZXZiiZZ 
GATT rGAAGGAGi3GTGAi:GGAAGAGG :GGG'':'A:G^^TGT"G^:AGG 
A;ArAAAGTTGGTGAAGAGi:A.GGTGi:TA AAGGGGGAGGTGGTGGTGG. 

gagi:agggagaggaggga :ai g:gggg ^tgggaagggg ^gggzggzga: 

Z.GZGZGAGGZ'^GZGAaGG ZA:\GZi^ZZ'ZG""GGAGZGAGGGZGAGG.GGZG' 


u}':'GAr\ GZ'^iZZ 


:;<AVJG:- 


AGAA(3GGAAGGGi:GAi 


CAGiA-JrGGA;iAGG':GGCGGAGAAAAGT'GA\AGA(^GGG'"'':^G(A:'--(AA':G^. 

A' ZA.Z G^Z ZA.ZZZG<ZGZZ Af\A GGAjZZ G.AAG A i : AG C ■ .: T A A( : T T T 'GG : G 
AAG.AA.AG AAAGCA'^.GATG-AAi^GAGAAG.AA:;GGi5AGGTG'AA'aGTGGTi:V 

gg(a: :ag aiia\cav:aaaa:gggggggggacggggtgttgaagaagaA' 

GGiPGAGA A^GGGGAGGT'GAGGi^GGGGGCGGGirAGAAA^CGGGGGGAG' 
ZG^ZZ AAAA:GG^'^':^^^':A^:'r7^^:AAAA:AGACGAA7GAGGAAGGCGTG 
A.AAG :GG'r'^^:GGGAAAAAA.AGAA'^':^'-^'"':"GG^^':^^:^^'G'Ar:^^:^':^'rGG:^Gi7G 
7vAGG 2GAGAGGGGGAAGGAGGGGGGAGGAAAG"'GA"'GAGA'"GAGTAG'"GGGAGGGGGGG ZZZGAGG. ?GAG Z 
f 'GGZ ZGGZ.GAZZZGG':GGZGGZ\GGG ZGGGZGZGGZGGZZGZGZZGZZAGG'^G^^ZGA-ZZA ZZAGZ.GG ZGZGG 
G G G G^ G GGAAAJZ: G Z ;\ ' : G G G GAG G G G Z'GAGZZGZGGGZ AAA 3 C A G AA\ G G G G/iAAT G A G A A 3 G GG A A G G G G G ■ :: 


TGGl-GAjGA. TG ZAjZ AAG 
A 7Aj A 2 AG G AA ZGGZZGZ^ 

7ArirAGGAiA-lGGAGGA AArGGA 

;a(a:gG':'agja:g'A\gi:v:g(:;agi:G': 

ZZGP'AZGG' ZZ-".. G.AZAjZGZvZZZZ ZGA.G j\ 
G:AGAGGiA:v:'-^GGGAAGGGGG ZG 
Z?jZGGZ'ZGG'ZGA.GZGGG?jZGAjZAG 
ZGGAGGGAGG.GGG7\A:ZGGGGAAAG 
A ~z ( ZAAA\Aj ZG'ZZA.GGGGGGZZZZGG 
'^GZGZG'ZZZZZZ ZGA.Z'Z'Z?jZ ZGGZ Z 
rAGGGTGG-G("A. TAGAGAGG-A ZGA Z 
r-GGGT ^GGAGAAGGA ZGAZGGG Z 
ZGZ'ZZGZZ"'Z''ZAGGAAZAAGG Tt^GA Z 
ZZGGZG ZZGGZG Z ZS-.Z ZGZ^ ZAG Z Z 

z'zggagggazz:aa:zggzg'zgzgtg 

ZAGGGGAGAGGZ ZZGAZ^GA :gGTG 
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'^A^'^G':G;ACAG^A^:^^c/\''-'G':G-'^cr;.\CA7^.-,G':"' ::'"^r:AGG':AC':';7\r :gg:aggcg:'::a:;?agaa.wv:'ttg:^ 

GArGCC? 2G""T":'"'"-A T' ""GC G AG.AGAG . - G""" JG'yTA'rG j'^AA." AA?AG-L'GA.A.\ACGG JGAAAAT 5GG AAGG 

A 7^ ~^G " ^:ag :t r ?g -'ri JGA :gg;aG':aggg :g j _:gaga':' : : gg j.ga ^ggagg :'Ga.ggagag gg 2G : "g ^AGG': 
G : :ggaga;.gg ':c:y:c'7-: 3 :ggggaggg 3G : :gg :;g:agag?aa :ggag^: 3A\AGGAGAAA'::G :'"^GAAGi-- 
:aggggaatgggg>'j\ag A^.-i :;ggagggag:gatga'ia;gtaagagtggc :agaagt ^ggg^-^ggggaaagg 

■:'AGTG':'AGAAAGGAG ::GGA 3GA 3GGA rG':'GGAGG AAGA.-.GGGGA ^::'G :AGAGGGGAGG'"AG'"iA-\GGAGAG':' 

G 7 ."■r'_''_'A,A\AA:'':j'j':''j'.A^^G "-.a-^ ^ 3a .ai'ggg' ;g jggggga^ggatgtgga.-aaagagaga ^a':^'"ag'"'?"."A'" 

z ;;-^A'-G'r ^G^r ■^^v^^;; '-^r^/^'^/j^yy-;' ^^.j GA'rGAA.--L^-' GAG G"'G A AGAi G3G I'AGGAG "GAG^'^'A"'"' " GG'" 

GT 3 :;g^'" 3': :ggg ::gggggg ":gga3ggaa :aaaaggagaggg A:A,AViAAGA?GAAGGG ::G'ArAGG':^':": 
':G3GAAATGAAA'::"rT :.:a'A3 "Gl-'a^ga a3\atgg'g:a;ggtgaa/\,\taatgtggtaaagtgagggatgagagg 
g':^'"T':g':^tggtg':"':ttaaggagg^g^at3gagga;;"g\ggagagaggtgggaaaagggt.aag^:t'tgaaa 

A"^AAT'"^"^T'"^G':T'A':G':'AAAGAG'"': 3 3GG3GG 3GGGGGGGG;\AGGGGGAGAGGA':AAGGGi3GGi:GGGGGGGG 
GGi3GGAGVAG^:GACGGA3'GGATGT'GG 3GAAGGAGA;G^AGGA':A'AAV\ A\GGCAGAGGAGA3GGGGi3GGGGG 

3:^ggagagaggagag'A3a.agga'"':gtggag^:'"ga':^G'Gggaatagggt :-gG':gG'Gaga.a.\.agg-ggaag-gtgg 

AGGTTTGG-AAA:GGAG'ATGAGT7GGA:^GTA.AAGAGATGGGAGATGGGTATTGAA.A.ATGGTGG"AGGA 

G ri^GGGGGGGTGGGG AAGGGG7GG AAGGG'^A :-GAG"^7'"GGGAGG':i:GA3G- :AG-GGGGAGGAGi:T 3AGGGGA 

3 3AGTGGGAGA:GAG':'GG 3GG :AA:A'"G33'GA.AAGGGGG^G':^G^AGT>AGA-^iAGAGAAAGAGGGA3i:GG3GG 

3G 3GTAGG 3GGGG':;:gGGAAG :GGA3GTAGGGAGGAGGG^GAGGGAGrAG.\AG ::GGGT 3.Vi3GG 3G-J:GGC 

i3GAGGTGGG.AATGAGGGGAGAGGGGGGGAGTGGA:TGGAGGG':"GGGT 3G-\A':^GPvAAGGGG 3AGGGAAAGTG 

G3GGTG.\AAAAAAGAAAATGGGG':A7GAAG^AGATGAGGA'3'"GTG'"GAGGTGG'::GGGAGAGGGGGi3GAAAG 

ACG/\j\'"'?CA'7G 3GL"G';ggggaa/AAGGaa3gtggga.gggg -^.agaga'^'g zcA':'AG'y:'^GGcccG'::G'Z'::'2GGGi\ 

G '2GM\GGGGAGZG 3AGGGGGA^aAAGGGGAAAGAG.AGGGGGGACA 3GAA.^ 3AGGGAGGGAGAGGAGG :AGGG 
^^.^ zrj, \;^,yy2AjZ":GG':":GG':Z!AG: 3AGGAG 3AGGGGGAGG 3A - 'rGGA'"'33'G'"':^ 3A;iG TGGGAGA 

a.aag'3aagagggg :":aaaggagggggagagg :gggagaaaaaagaggggaaggt':' 


SEG ir: NO: 2 (GGf 0 0.2 ; 

GAA.^\(3AAGAGGAi:AAGGAGAGGGAGGG ZAGGGGAGGGGAGGGGGAGGGGAGGGGGGC'^^~^::'GGGGT2GGGG 
ggggggggggggf'^gj'ayzggggaggggag 3ggggggggaggggagacggggggag aag'^'"'a3g'r'y""'g 3gggg 
GAGGGAAG'rGGGAi:'GGCGGGGGGGi:GAAAAi3GGTTGAi3GGGAGGG'"AAAGG'"G:^"^GGAGGi3CGGGAGGAAA 
GGGAAAGAAGGAGGGAAGGGGGGGGGG GGGi:GAAAGGAGGTGGTG:'TG'"GGAA7'GGG'"A'ArcCAGGGAGGG 
GG'"T^A^3GAAGGAA^GG'"GAGGGGGGGGGGGi3GGGAGGGAGGGG'"'3'"GGAA'^A'^^AGA'"G.^vG''""G^-- '^AAAGAG 
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T ^ C AG C C I - T C G C G TAG A 
A AG A'^ AG C A A"? JvAGC 


GACAGO'"":CG 


GAT.v- ^ga:^gaaggcaG'..v: 

GGGGG ZC: ZGG :GT'r/LA3G I^GTG 3CA: 
CAGCTGGTATTTTGG rACAGAGTCCTv 

G /L\GTG AC AG A' :-;CT SAGT : ^CGGCG': 
^AGGTGGCAAA V 2G'\^xG'V':GGI\G AG A: 
Gi:A3TGAGTGTA-:-;CTTTTGi^GGGAGC; 

GATA.TATTTTT j ?AA.A.ATGGAGGTAT . 


\ A ^ G ("^ G G G ZA ^ i'"' ^ G G G G C G G A 3 G G G G G G A G G G 
:':''GG'"AGAGGCGG'"CAG'"GGGG':'GCACC'rGTCCGCAGAGAGG 

"'^''TG':'G'"G'"GGA\^'A'T'GAAA'''f.G'-\0;'.'''r'rGA'rAG'G ":AGG'"!i^'^C/^ 
"AG ^AGA"' ^GTT'?GG/\G/r;i "G/GJA.VnGCGG I^CAGGAG'GJGGG 


:AGAGTTG^AGTGTGGG^GAGGCATG"'ACGG-AGGCAGTGCGAGGT 

lAGGGGGGA'r ^A^AGAGAGGCG Z '^T"?GA. ^/^J^GGAGGGGriAJ-^A'Z ZAAJ: 

;gat :;at ^'g:agag'\a:;agg^ jaijg-iijaagaggtg ^ggaaagggg 

-'"GGA.AATGATTGAGGTGTCGT 3AGA^G/V\AGACAC':T' ^GG-A :GT 

.gaaaaaaatt^ggg^ ^t^aaa^ : :^gaa'g:^aga':ata7G':acagaga 


7A AA^.G r.A^.GG. 


3EG ID Nc- 3 ;ggp J :i i 


GGGAGGGGr^ 3GT-;GTT 

gaggag':gaaga:tgg 
:gagggga':":g :agag 
tg-i;ggggG'"G'"gagg i: 


GGGGGAG^~A~A~AA~Z:AJZGGGG'ZAG:Z'l !^AGAGG' 


rTTGAAAGGGG: 


:ag-:cagt'3':'i 

AZA ZGCA ZGG'[ 


ggga\:gggagg 

GGGAAAZGGGG' 
GGUGGGG^ 


■T J JAG J AAZ Z.A. 


^GA ^A'^ :ggg aa:gaa. ^gga^^^-^aaA' '"':^'^ '^■^ agg :gA'] ''"^g :gg 
^ ^'^G ZGGC : : :ag :r zggzaaaag: oGgag'^gggg 

ZGT ZAGGGGGGGGGG'T ZGG'VGGGGGGGGTGGGG 
ZGAZZTGGAjAZAGGAAjG^A^A-AAAGGGAGGAGGG 
ZGAAGG :AAG 3GTTAG AA: ZAGGGGGG Z.GGGGG 

zgga.gggggagggg':'ga.':t 2GGGggggggjga^g 
. .-^-^ . GG :gtggaggg rGAGGGG'i- :agg zg^tgggggatg.ggggg 

'A-\AGAG. ZGGGGG J :G : 3 3AA :AA :GGA 3GA AZG ZGGA ZGZZ 
GZGAGAGGGGG ZGAA T'TGGGA.AAGGGG Z'Z Z-GG 


" :tgg ^^GAG■"A'"G'" zz^a.z 3 ^g'^gg : 

T G G AAA' 3 G.A* : ' : G Ai : G A 3 A7\ G G G A GG A ■ : 

iAaaa3i:a'g:'(3'"ggtag 3^atggat"^T' 
tgtg^:g 3aggga>g^gg jtaa-ttga':^?- 

AG AG A"" "T" G.A'^^A " ' G T AG G G G ' -G AG ■' 
3GGAGAGGGGA'7'' AG^AGTAGG'^AGGv 

J'^G'" G''':'GAGGG:AGA'r'AGG'T'AG'^ G\A: 
ATGAGGG/\GAAGGA'?G'?GGAGAAGAG'' 
GAAGT'^GGGi3G.^\G;'^'rGAAGGAA':':^'GG': 
GAGAGA'"A'r'::":'GAi3GA'"GTGT^GG^"G' 
GGGGGAGGG':A':'A^G:T'GGAA^rG':^GAG ' 
GA^r^GGGG-TATA'-^irAT ^AAGAGl-'AAA' 

aaggaaa;aaagatggagggaaatgig: 
aggi3gggatggaatgaagi3aagagga' 
ga.ajggaagggtgatgagagaagt'gg" 

.-i G G G;i.G G G ~.G ( 3 GP. LG-\ A G G G G G G G GG A \ 
GGGGGAGGG'ZG-^'GZGGGGAAGGGGGA '. 
AG G.GAAiV r G AAGA(3 AG ' Z GA.GGG^ TAGA' : 


■GGGATAGGGGA' 
G G 'T' G G.AAl GAj 
'GGA'"GG-GG-A'rG 

■g.v^gggaag'G: 

"G'r GGAG 3AGGA 

'aga':gga.\A(AG 
'aga'"^aaggaaa 
gg gjagavpgg 

'GGATGTGGTi^G 


"GGAGGiG^AGGA 
uAGAG'!'A"'GAGG' 

;agaa.aaggaga 

■ A.A' 3 ' ^ G AG G A.: 


^GGG'-^AA^A'"' 

3ag.aa'3agagtgaa 
3ggttaggggt zgg 
■agaa:agaG"T'^g 


G:GGAGA^GrA :aA :AG 'ZAG-: 
AZGGG'Z I'GZ\A Z'ZZ\G^AG Z-GAA, 

:agtaggagg :gtaggagG': 
jgi^g^'jg'i'agtgga'jg 3ag': 

;GAGTAGAGA 3GG GAGAG.AA3GGTGGGGAA 3^G 

\.AGAGGGAGA AZGGGAGGG AZGGGAG^GGGG7\G 
AAAG3G:G.ViGGAAAA:GAAAGG.AGGiAAGi3A'-^G 
::3AGAA3AAAA3Ai3^TGGA\AGG-i:ArAA'"GG-^G':i:" 

:gagagg(3ag'g:gg(3'3GGaaagggat^agggg^gg 
garggggggaggggagaggagtgagaggaijg'^a 
:aaggg :':'g: j^jaggag^gggggaggagga-g^a 
rgtagtggaagggagagttag.'aaatggagijtgta 


A'^GGAGGGGAJAAAZZGGGGGGG.iG'YGGGGGJA 


:TAGGGGAA\GAy\AGAGG/\AG' 
^GAGG'ZGGGGGGGAT^AZT'ZGG' 
rAGG"^'"GAG':'GAG'''AGGZ:GGG' 

za':g'zggga':'gg'^''"aG'Z":gaG' 


ZGGGGGAGGGGG 
ZGTAJ\GGAAGGG 

zagggg'zga'Z':g 


SKQ ID 110: 4 G^GF: IS 

GAAGAAGGCGTiA'VGGAAGGAGGGGGGGGGGGGiJGGGGGGAiJTGGGCGi^AGG^GGAGGTGGAGGGAGGGGAG 
GGGGiGGGGCGGAGiriJGGGGGGGGGG.-vAGA'rGGAGGGAGGGGAGAGGGinAGGi^'TGG'^TGGGGGG'rG G'ZGAPA: 
GG^II'GGGG.KG GGGAGGAGGTAGAAGAGAAGGGGGAGGGGGGTGGGGGGi3AGGGGGAGGGGAGAAGGA'7GAG G 


wo 01'463*>4 


4/n 


'-•?ggaggac("'':g'.:' A' .7\ac(:g(. '.;'^::a ^ ._'MG;w'-iGA'..'GGM'.A.- gag'JaGGg 
:^GA? ^'"Af^AGG ^ ^G'": ::g^g ^"^':'Cag:'A':' ^ggga\C'A"^ggl- gggggg^\ag 

"::^gaa':"gg^:'gg:;:a':^gga:g-ggg-:^^'-GaGac^^':- :g:g':^':- \ag?'JGAga 

':':a'"7'7T ^'"^t-t' ^-^g ^a't^ttcA'GG :;aaag'" "iGGGr^r :ag :;ag _:ga 
G^GG'^GG'" : ^g :'"acg "ga " :;a"g^"g : :aca^,ga7gg :'gag'"'G^gg 


GAA'^G^Gi;^ ~:gat ::'"a:cggaatgA': 

AGAGA A G ^AG ^AG'^A^ 3'^GGGG 2P 


' :\ r:A G '""^ G C G G GAG ' T ' " '\ 


^A-GACGAGi]'rAijt": 


G ::ggggg,\a :-;g "GagggA)3gggt tg-a.agggg 

A ^GAGTGG-VA AaAGG ^ 5CAGGG : T':' : ^GGTGA ^A :AA A^'T^ ^CC ZCAG A^T'GGA 

a.aag aaga:■l:^tagg.\agga3aagggtag:g-aa2g^t3l:-g^g^aagi:-gaggagg,ag^; 
':tggg7ggt :ggtggg ^aggcgggggcgcacc :tgagg aa ?ag :ag : dGgz^gg . 

GAGATGGG ^GT : :GGaAGGAGGA^GTGGA PGG AAA: :GGG : ^GAGGAGi^i^CAG : 
GAGGT :GG :GGAGAG :AGGT ^GGAGGGAG ^GAAGGAGAi^G ZGG :':ggaga??g.' 

g;ggagcag':-gagaaga3g,a.aaag^aga'^g.ag.^ggggagagai:rga':-g^gagaagi:a-: 
ga':gaggaggagai3gg":gggg':ggga:;g-g aaggg :gttgtag,\aGG':gt ^gag- : 
gagtgggggggaaaga: 3G,'vAGAT :aag;a aaagg :av:':tggatgtgagaaga; 

AG AG GAG G '^i G G G a G GG : G G- T G G A 3 Ai3 GAj I- ^ G A' T AG G GG AG' A^A^ ^ AAG GCCT C.G'. 

':j\gcagggg':gga/\g z :gaaagazgagaa2a;^^jG:gg ^gagggaiaaagaagi^a: 

'•-■GGG 3 jAG _,Aj2-A. jG'JAGGGGATG 3G GGGGGG 3GAl 1-GG ^GA.GAGGGGGAGGGiGG.- 
GGGGGio'r'r':GGGTGGGGAG^AGGGGTGAG"G:A3GG :GGA/:G'^;GGAGAG;AA TGTG; 
GGAGG 3GG S-GGAGGGGGGG ZAGG ZGG ::AAGGaAGAGA ZGG =G ZG:G':GGA;:GG':': 

ga.:gg.-\gg :;gg :gag:g ^g:^ggg 3ga aa:ag:at?gg tatt'gggagga^ggag^ 
grgagggagaggggtggggagaaggaaaagf^aaagggtggtgttgtgggggtg; 
■G'\7vGG "aijGag zaggz zggaggg zgg':'Ggggga::gaG':aa 7:g":g.ga^gggga: 
gg'^':'gggggggggg^':g g"':g(g::ggag--ja:gagggaagagggaggggg!:;agagG': 

AACAGGAi::AGGGAGGGGAGGGGi:i3GA.^uAGGTGCAi:;AAGGAAAi2TGAGGGGGAG': 
'^■■":^GGG^G3G''^GAGAAGG^GGAGGGA.VvGGA.A:GGGGi:GGGAAG 3AG.aAGGAGA^: 
A(jAAGA'^G:G^GAG':^AGGAAA':GGAAGGGGGi:;GGi:GGAGAGA.AGAAAGGGAGG': 
AAGGTGA7vGGAA!:^A'"GAGGA':GAGGi:;GGTGGGGGAGi2GGGAGGAGGAGAt:T(3A'; 
'.~''~:^7l"'A'"':^G'"'"GG■■"|^l:^AG'"AA'"'"G^.~:;■J^:AAAGG'"GA:V\^V*GAGAGA':'GGGGG'A: 


j:g jga ^aggga3Gag:g 
AGG jg':agggggagga :a 

AG GAG AA ZGGGATGGAZG 

AGGAG'^AGAAAGT'GTAGG 

.G A A' J L- AG G.'-^J J.AiJ' G AG G 
AAGAGGGGGA.GGA ^GG AC 
rAG ZZGGGGGGGAGAG I'G 
.GAA SGAGGG':^': G':gg ]; A 
^'GGA 3GAGGG'GGG<?tGGAG 
G 5 A A ' A A' r GA. C.WGGG 
vAGA ^GGGGGAGGGGGAG 

;agg'"gagcg':^gal:ag :g 

rGA ^GTG!5GGGAGGGGA(7 


'^L.A .^L-:rtGGA 


'GGTG 

.GTAG'T^GAGGAGGGAGAG 
. A : ? G G A'" '7^ r GG , \.A': G G A 

j:G':;'"G':gt'^ggaaggag 

■GGi^AGAGA rCAGGGGG^? 

' iH 1^ '"^ ["^ ' " f (1 '"^ I ""l "^'^ r^" ('"^ 

'AGGAAGCGGATGTTGAG 
'GGAGATGGAGG':^'"AGGG 

'ggggg':gga AG aag;\ag 

"A.GTGGGATAGGi^Ai^G^T 

'GGGGGGZ'GGG'ZG'^GA'^^' 


7gaag':ggag G'Agga3gt'"gaggag'^':g'::^g^ 
^ ( J G A G G ' G ' : G G A f J g g a G G G G G G T G G G a g 


■G AAGAGlr GAGAA A \A'~.\GAGG; 

^ G G (7^ : - A A(^ A G/ ^ G A /\ G A (_ 
^ G GG A A A A AG A A A ■ 7 A ''^ A /■■, 7 


7^'AGAGGGl'GGA7 
■AAf77VGG/\7^GAA7 


wo (II 4(»3*M 




SE'J ri NO: ' :oGt J 60; 

a':'^':gccC'^i?7Aa:'"ggc^"^'"gg(^':^: :^.-^c':':t':a :g g:ccgct: 
^CCT^G'^TCGAAC^C 3Ai^ggacgg':^ggaggagaggcg;vaccgg':caagatc 

ggagaccaggaca^^gggt^aacaaccgccgggagcggggccgccggggcai 


- - ' ^ '■ - \r vT.-i'^ A- 

JGGGGGC ::ag 1 
:agggacgggc 


^GCGGCGAG 
GCTGGAG ZZ 
Z:CT\J\ZGOZZ 


\\ () 01 4(.394 


P( I I S(IO/34^j(» 


Oil 



a?gcaggggca3A':^7 3tA':;':t:::aaaa^a':tcc':aca "":A?A':"CCCT'":A'-r :cagaggc^'^gcgg_;gg!;g'.;'g. 

3 GGGGGAAGGA^A.^rGCA'^' 3AG V -^-^--^ ----------- 

aggggggc JG/i/vAG-AAGAT :a :j\gagaggag jggga': :ga:' ^agtgag'Jg :agg ^ggtggg :;cA:;GA-"A^rG 
AGGGA'r-"'." :'GG I'AG "GGGG TG 2 :'GGAGAGGG ;;:ggagg'"ag TAG i:a.^.^ag ^ga :"rGA,\A^ aatgtaggaa 

Gccr^(y:.j\'^7,c ::ga'g_::^G':gg\g::ggaggcagggg :ga_-g:agga::g': :'gaa ^agggtgggtggg :gaggtg 

GGA3AAG:':Ti::GGGG JGA'::GGGGAGGAG:GGTGGGGGGAGAGGG:GG rGGG:GAGGAGGAGGAG "'"GGGGG 



SGQ I'J NG': 9 (GGPO 3 ^ ) 

A'"GA'7AGAGGATAGAA':'GAG'rT':'L;^G r'l-;'G"TGTG(J r'GiI-G'G^G'GA/rGA.GGGGGGAjrGTGTGGGTGAGA.GGGGA 

GAG ;ggg :'"G'::GG':':G':GGA"^G.Ai;;:G'^GGGGG'::^A"G'rAiG:GAGG :'gg':'ggmgagggaggagggg.aggagga 

'"GG "G.\.AG'rGGAGGGGGGAGG': JiGrG.AG 3ATGGG :;AAi:;AGGAAG ^GAGGGGAGAGGA':GGA G^AGGATGGA 

C'::.'^G'sG ^GG':'GGA':^G':^GG':GG:^':y:^'::Gi^AGGGGG :g.aagag :gg3ga^:ggaagaaggagaaggggggggg 

GGA:7GGA^"GGAGGGGGGGAGA' GlGGAGAGG ^AGGAGi^GGGTGG GAGGGGTGAGGGATGTG SG ^AAGAAGA 

gggagggg':^gga"^G':^tggggagg':t^ggag(G^ggaggg(^ggagagactggai:^gtgaagagg?aaaaggtgga 
g^'^ggcagaggi::^g"^^aaagagga':^gg^gaggagtaggaga7y\gaga,\agaaaataggi^gattatgggagga 
gagga'g:g'"ggaagaggaga^"':':^g':^gaagtgagggagaaagggtaga.^g\aatggaggggaggi:':aggagg 
aai^':agggagaagggggggga':^gg:^ggggga':^gaga':^aaaga':'g':"gag"^gtgg^:ga/iggggggggagggg 

GGGGGGGGGGGGG!GrGAGAAAGA":'GG(^AAGGG:'AT^':^i:G"'^'"G'"G^7GA'"GA'7GA':\GAGi::GGGAGGAGGGG.^ 
GG AAA G-AAAG-AG GA.G A.AAGAGAGGAGGTGGG "T"^ G A^ GAGTG TG A A "^G GG GGGG 'JG^i: i ^G G CCA^^GG A/ i^^CC 
GGG-GGATGGGTGGGGGGGTGGGGGATGA':GGGGTG.AA.AAATG^"GAAGG'"GG^GATCGGAGAGGGAGAGATG 
G':GAGGG GGGAGGGGGAG/vAGi:G':'GAGGGGGAGGGGAGGAGG'rGGGGA^GAGA'" GG':^ c:'"G'':'GGGA'':' GG'^'?'? 




wo 01 4(.394 


/1 1 



wo (»]'4()3'J4 


SI I 



GA';:'GCAC ]-G ^CCCC'^CA "'GA'T'C " AGA ^CGT'GA ^G "AGGACGTCTGGCGGGA ^lAi^GTG JCGAGGGAAGAAi^A 


G'T^ :^'"G^^A ^GGGG:G':"^:■^AGA"^G■"G':^GAGTG'":'TGGGGCAGG?GGG':G/iGGAAG'^GGG JACAGGGGT ^GGGG 
AA'I'AG-^ T'AGGGA/^.^'^GG ^A^ ::-G':GG ^^'^ Z''"": :^A.\ ^GA ^GAGGA ^G'rGG': 3GTGGAG ^GGAGGAAG ^AGGA 

CG ^^T'G ?C'7G ^AA j liGAA'^GAGGGG'" ^G'TG^'G "AGGGGil^GG JGGGGGG'l'GGGGGAGGA'JAGGG TGGGG 

AGGGGG y^C ^GAGGGGGAGAGGASG': ::':^G SGAGG'? :;G'rG'^G!:;GA jGA'::GG LJ'^'GGGAG 3GG "GTGGGGGGi':^" 

g':g:ggag'" :^A': :ga'"GGagaagg:agaggaa': tg':ggggaa :ggagatggaggg :a':ag :'gai:agaga 

GG'.IGGA':: AGTGGAG^'GGGTGG^GG :^AGAGGAGGAGAG^"GGGGTGGG':GTGTGGGG^TGTTCA ^GGGGAGA'JAT 
GTAGGA:G,\G':GGG^ATGATG^GTtT :^GGGGAGGGGGA ^AGTA(:;i:;AAGGAA^Gi^GAGG':G JAGAGAGGGi:A 
GTG'^GGA^AGG'rG :^AGGGTGGGGA'"GAGGTGGGGGGCAGCAGCG':GG':GCGGTTGGGG'G': rGGTGGGGGGC 

AGG ^c:: '^c':'C'7CG ^gggaaga :^gaagaagggggggagaggggggagggactg :agg;vagg ^ggggagggag 
GGi; 3ggaggttgggggi:gatggaggagggggt ;cagcagG'::agg 'j':(.y:'GAG'?-:^cA(y: 3gg 3agggggggaa 

GGG ^GGGG':GGAGGAGGG':"GAGGGGGG'"GAGG'r':'ATGAi:GGGAA:GGGGAAGGAGGA:A': :GAGG'rGGAi:A 

ATT 5'"gti:;aagaggggaggggga.ga.gggi^G':'ggcg ::"'gagtgggxxxGactgg-tgag?gg 3caggagai:-i^t 

GT'I^GGGGGGGTGGGATGGGG-AGAGGAT^CGGGA 


SGi;; ID NO: L2 {GGP024 ) 

GGGGA7iGGAGGGGGGGGGAGGG:^GGGG'"GGA':':GGGATAGAGGGGAGGGTi^GAAAG.-.^'"GGAGGATGA.ViA 
A7':::gGGAGGG;\AG GAGGGGTA':"GGAAG'."G'rA7^GGAGAAGGGAGAGG7LGGGAGAGGG':'"GA.^GGAGGAGAGG 
G.G G 'G G AG G G G G G G GG AG G- AG GCAC G^G G AG AG l' GAG- G GAG G GG G G G7i.AAG AGG A.AAG G G G ■ : AGG*" A ^7-..GA G 
"'^GGAGGGGGAGAGGAWGA7lAGGGAGAGAAAGriGAGAGGGGAGAGAAGGGGAGAGGAGGGGGGGGGAAA7':^ 

"'aaggagggaaggaggggaaa.\gg"^gagaggggagggggcgtgaggggcaaggttggatggaa"^aat"':g 


wo or4(»3'M 


•J n 


5E0 ii:^ ^^' i:' (sgpooo; 

GTI PGFL(,;-MIl]LLt-CED:^IKGA\TLK3AV;Ar RVP vxv"V"''SSGFnl. GFEll LLLG^ 'PH SGKLGK:: GTTf_.:/v 

L?Lv:.;D':r: pir gdggf;17s?ag' i "p i ^Kt vsvr amv-.saiqvi pk. j:p''apphn;'ppgg*;al [Wag"":*pgg 

L CP I 'S^ .: 1 i ,^P" 1^ ) r P, i j-:.P v ,. r r GPr 'T' P I r / Pi: :■ c . 1-P ■ o ^PPPI'PP'G rP'. L i\liPP P: '.O'-'i 

KPPP?'EPr'LfP[L-KP:-:pprLGQ:-.i:Pi sprp"--- :''':g3i;;jUpgnii; ppc-: G'P"P:;i]:P";ppp.:i-rip:: iGP".-p,- 

PMII- VYP^LLTTT'ELAPVeHPA^'PF:: PKArTi'lPSPi:! VPCKiP^/^ r P..SP\'lAY;p'iPLPCWPLP?CA;-N"^ 

'■.ptp:'-.p!:agfppq] g'i^p^.ggpla.p'Cp - ni-'i /P''A:p:^r'PP'-Gut \'[)Pt /-,(_ pgp-ppl': pPGG'ppsvPi-'PLi: i: 
!j-P("r pLt ''Gr pi-:p: pppi t . i pjia (:p'i v-ieH'PP" pai.i piPP.pp-Pv P:.r^.; .c rvA/^^PPPPP: :i;P-" 

?:P['LEFGGPrGP..P -GLPCVEL':L:.LLG: GAGPI^GpLt ^-^QPDONI Enr:Er:Pin:NGPPSG-t MGPEPL'AI PG 
^^p:V'T•T■S"?•T.GAPG!'VP•^ASGAFEASFEPGE^PNAPAT^"^MPAFLPP;I TSS PVAHLASF.SPVPEKPASGPTK 
1- r' F^G-!"^-'''i-0 '"■'^ ^f-- i-:cf:.^. 7. ! i I- PP I FF~ " f:^' K'K'v ' i^'^'PII.^ l-'PP P' 'i' F'l ! - P ■ ' " M^P P " P ■ 

p[:p-p^FT'LPLPF3nESE?'PT^''riS''P:-;n^vjEPi :! ^:IQKAP:;/^ ?>^pp i EbL?'s\'PAi:'t At pf-T'GPAsr.pi; 

.•^PrPEEG'J'P.VA PPLGtPVin P(..'A':^P:E.?TEAAr APPEGGPPKP}'^ PPF':P IT F:':PPFPPL'PE?'T:[G" 'T I 
^PSS[-:SSNEGP.33S3P31 H 3\'r.Gi-:t'GLVP:OKTQE:i E^PP " PAGPP'/PSPEKi- SH3:L.r^PLL PLTF^- TEDL33 
LAC-i C ?P*A L G C L G 1 3 EG 3 FL P E I C. PG r PGP A7.G Sf 'PSGPPAt PULP'S PS VP :3P'S 

PEG \y. : M 3gp:gaa 

i :A["l::ig'p::!p;ge" p\'a: LEri:-GEPVLL i ggp t'vp^'ipp: - ! i ep- . iJinG3PP::>p-'PLCp gel T':.g' 

PAPPrG':-! :G30PVG'VP: P»3 3':.n'PA3L33:'CFLTVLLGKlEr'3f^IIP^>];IA(-r FJ-l FPr Ft lPGEGI; .G^ 
\'l :^G ' GOrGLEP'APT G PG-I P I NP" 'PGG V" L VLPFELPOvNGI G'"G NAGlP^r prp r. l-t ; EPPHJ.P^^t ' 
3 FGE?a.LPV;EiPr:3V'L FU KAr:A3PGGVL\*:: CLAGT GT.GAG I ^P A'-^ ■ PP'-Kf : P3I D^AP'- "PPEPPPG PI i 
^PFLGOLli: PEPP':T?*NQGGA3GE 1-'3KLKLLPLE}G P]EtVPA'/3PGi"P.;I-P^H ^PP3PrG;.L■3A'P3EAAG0PLG• 
PPA3^^P3^'t3'/0P:^PLE!:3PPV':'A^3:GPL3AGPPED3NPLI■:"■3^3: IG- P3\'3V3A3r?G;-.3ErGFS33EP^. 
:.,b/r'G'iPF'SGGLP'G7]:KLCvFSP\'C'ELSLC TPET3? PP'EEA3 1 PP'FPO^APF S P3G3P:PLP3VP':'33SGG.v.>P 
LE3i-Lr.P3G3VEPM"nP:3PLt GEGTGG^'P PTPPAGLGLPGVjPSijJG-APPGGT PPL TP 3 WYFA^-^PSS h -p'S 
a3A;!P::GGo..PY3A"-'3GSl Lt^ 'GG !:■(.;/ Y3\'PGP'P?G 3DPAG3rG.3lv-:Ll':PFFEP3.FP'-" 3iPjr:EPGE3 TPGl': 
PPP'i EEEL i , -■ L'pk i^vPP'.. .I'- .Ej 1_ 

. Em 1 C P-.-: lo P'^Pl U I 

r P:L'.'GG'G^ GP ^y\l''. 'I ;;'3 i: L'APPAr'GGriPE'.G'.SvG P31 PE£ PL'!; \'KGPi X F_ tG.Gl fG33G PPG 

GPGP-] 'p.' ■ IP] P[.:.-.^ PiP['. 1 r.iG-GGPPPP: Y'jp?.:^p*^ppg'ggghgP'.:g)^ee3^g'lg::: P3 3i:l'. 

ppgg33gy:pv:pg^P::: g'GP- " pr 3 pa: f^p ^ fgi-'GE f g'ig^ [ aggvppp:: ppgp: ^ep p;p?':e: 
Gt]L:- :;F?'pr:':i!PPT-p^ p-Gnr^GP-G:.^ fep\'pl-3E.;v;i-:agip PPpi,jppGYi'GG: ^irpA' etL'I 
r7-P"'E-EP.A^GPPA-^p-P7.-v-r:i G'7G:p-^::? p-p-pGPPA v^;app-..;v;\gigp::/g:?;e :1:g-^ 

PPE P ^:G-Y.PPP"G''-1 PPG-G ^'PCP' --^GG- Pr'PWGE r'3'7EFc.3"iJP' AG!. PGSr 3G GIP Er'L^P: 


PEG TP K:"': 1 ^. .GGJ^PI ^ 
M[:j.G';'SGW'-'E'3GPP 1 A-PG:PGP} P^G J PtGGPlG'PPGEGi.: PGLtpMjiojG.i Pv','-'^l'■P^^G".PL■GEPEv^"'t■3EEPP 
P.P^'-A\v.ap"G['GEGP3'J>'3:P'3-G-E':'f;3 ; EG'Et ] P].33A],/iJY:G.,l,t!EEL?'r PG'GPAEAPr u n i^- ai;G 
A IV] TG '■*P-*'GIGGI!-'r'^AP: G'lrF'-'"! PI 0?j\L\\ L PGhAG WliP^ 'l^E^Vv t-pvp^l^E^'G' •A-.'PIVPLKPP( Pi "■ 
-'TLPAA-G'"AV^'"^ A EF^:'':GLI I \t ■'IGWir.T-L Ft P\-p L G. tPGGVA ^H' PI X F3GG' PI GGrG'LVGP EGiG AP-. 

PGAG "^:~:"j.'i^'~-yh:^/::i.j^A:: "7""yv?;r ^-eip-; pppg;i :-:pppiGG. :a.pg.e^;. "gjpeg a- aiiag;pgp*"pg;: 

3:GP(";AP.-'A^PG\'PPPIjPPA3--]:3-G3PGPG.':CG.3r*t L'rPi Pi:,E,PEEPP" GG.iAPP'(A,:GLLG IjPP'p(,)pGGGiP". 
3A33GGG:-EELE ")P'PVPP1 K)1 W'.iGG.riPFYCjAPG^-A-GP; rPEELP:EKE3G'AG33 'AGP.?.: .G. :'L3E33AWE3\^3 
3PP:VJVL?;■v■L^;P:!Pt1Jr.GP^lF.G■AGG3^l3 3E3GI'JJAWtIhGGPPEG] PKE.G3P?G'PAP:3?Al.E.PG.IG.33EAG3P'G 
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